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EXTRUSION COATING PROCESS FOR MAKING 
PROTECTIVE AND DECORATIVE FILMS 
Field of the Invention 

5 This invention relates generally to the use of extrusion coating techniques for fonmng 

multUayer paint coated fihns. More particularly, multilayer coatings are made by extrusion 
coating one or more layers onto a surface-controlled plastic carrier sheet to produce high 
quality films at high speeds while avoiding solvent emission problems characteristic of the 
use of solvent-based paints. 

10 Background of the Invention 

1- Exterior Automotive Applications 

Exterior automotive body panels have been made in the past by spray painting sheet 
metal parts. Multilayer paint coats, such as those referred to as a clear coat/color coat paint 
finish, have been used to produce desirable optical effects. In addition to high gloss and high 

15 distinctness-of-image (DOI), these paint coats also are highly durable by providing chemical 
resistance, abrasion resistance and weatherability that avoids degradation by ultraviolet light. 

In more recent years molded plastic car body panels have been made with decorative 
clear coat/color coat paint fihns bonded to the molded plastic panel. Use of such fihns 
avoids certain environmental problems associated with evaporation of paint solvents while 

20 also reducing or eliminating the need for pamt facilities and emission controls at the 
automotive production plant. 

Because of the growing need to reduce the amount of atmospheric pollution caused by 
.:splvents emitted during the painting process, many different approaches have been taken in 
recent years for producing these decorative films. These processes are generally categorized 

25 by solution casting techniques or extrusion techniques. For instance, U.S. Patents 4,810,540 
to Ellison et al., and 4,902,557 to Rohrbacher use solution casting techniques in which 
liquid-cast, solvent-based clear coats and pigmented base coats are appUed to a flexible 
casting sheet by a coating process such as reverse roll coating or gravure printing. The 
liquid cast layers are separately applied and then dried at high temperatures to evaporate the 

30 solvents. 

As an alternative, extruded films have been used for making exterior automotive clear 
coat/color coat fihns. International application PCX US93 07097 to Duhme describes an 
approach in which paint films are made by coextrudmg a base coat and a clear coat as 
separate extruded layers onto a carrier sheet. The carrier is used as a supporting sheet for 
35 the clear coat and color coat in a subsequent injection molding process. The extruded clear 
coat and color coat are supported in the mold by the carrier and shaped in the mold. The 
clear coat is a coextruded sheet having different proportions of polyvinylidene fluoride 
(PVDF) and acrylic resms in each layer of the coextrusion. 
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U.S Patents 4.317,860 and 4,364,886 to Strassel also disclose coextrusion of 
multilayer films such as a two-layer coextrusion of predominanfly PVDF on one side and a 

predonunanUy acrylic resin on the other side of die extmded sheet. ITiese unitary structures 
are used to make molded articles, or to adhere the sheets to a molded polymer 

^ Fdm extrusion techniques also have been used m the past for making free fihns in 
which the extruded polymeric material is coated on a polished dmm. These fihns are then 
undercoated with various color coats. The exterior surface of the extruded free fflm that 
contacts the dnm. (and is separated from the drum as a free fihn) does not have a high gloss 
and distmctness-of-image. Also fihns manufacmred m tins mamier do not have a carrier 
sheet attached, which makes them hard to handle and easily damaged m subsequent 
processing. 

Another approach disclosed in U.S. Patent 5.114.789 to Reafler comprises a 
pigmented base coat which is solvent-die extmsion coated onto a flexible, stietchable carrier 
sheet and dned at elevated temperatores to evaporate solvents, followed by extrusion coatmg 
a reactive clear coat on the base coat. The carrier fihn and extmsion coated pamt layers are 
then heat softened as a miitaiy sheet and applied to a molded shaped substrate by a shrink 
wrap process. 

In a currently used process for makmg exterior automotive fihns. a clear coat and 
color coat conprising blends of PVDF and acrylic resms are cast by revei^e roll coater. 
either by solution or dispersion castmg. The fihn thickness of the pamt coats used m the 
process generally is dictated by end user requirements. In some instances the need to 
produce relatively thick fihns can hnpose certam production constramts. To adequately dry 
&e matenal and to prevent air entrapment, hne speeds are typicaUy at 25 feet per mmute. 
This slow throughput Ihnits the coating capacity of the reverse roll coater and also releases 
a large amomit of organic solvents. This solvent release is particularly evident when a 
so ution-cast PVDF/acrylic clear coat is coated from a solvent-based solution having a 
relatively high amount of solvent. VOC emissions are high. PVDF has lunited solubL 
and requires strong solvents to dissolve. One such solvent known as N-metiiyl pyrrolidone 
(trade name M-Pyrol) is needed to solubUize the resm in solution casting or can be used as 
a coalescmg aid m dispersion casting. In addition, cross contammation can occur from 
sohibihzmg residual material m previously used dmms, hoses, pans, pumps, etc. Also, 
dunng coatmg. tiie strong solvent can dissolve caked-on resms m a drymg oven, causmg 
them to cascade down on the web bemg coated. As a fixrdier concern, tiiese strong solvent 
are expensive. ^ 

Thus, there is a need for producmg decorative and protective surfacmg fihns while 
avoiding die adverse effects of low production ime speed, high VOC. cross-contammation. 
and the use of expensive solvents. Extmsion techniques can be an alternative diat avoids the 
use of strong solvents and dieh related solvent emission problems. Extrusion techniques such 
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1 as those described above, however, have not been successfully adapted to producing high 
quality fihns at high line speeds and at low cost. 

The present invention provides an extrusion coating process that is an alternative to 
solution or dispersion casting of polymeric fihns and conventional extrusion. The invention 

5 is particularly usefiil with PVDF/acrylic fihns while avoiding use of the strong solvents and 
their related problems described previously. Use of the extrusion coating techniques of this 
invention provides the advantages of avoiding expensive solvents, producing no VOC 
emissions, and avoidmg cross-contamination associated with solvent casting. In addition, and 
as emphasized in more detail below, the present mvention has the added advantage of giiatly 

10 increasing Ime speed, eliminating steps in the manufacmring process, and reducing costs for 
producing the clear coat/color coat films. 

Further, the invention has particular applicabUity to the manufactare of molded plastic 
exterior automotive body panels and parts. The invention provides a means for producing 
high gloss, high DOI clear coat/color coat paint fihns of exterior automotive quaUty. 

15 2. Exterior Siding Panel APDlications 

Although the invention is described above with respect to exterior automotive 
applications, the invention also has applicability as a protective and decorative coating for 
other articles such as interior automotive components, exterior siding panels and related 
outdoor construction products, marine products, signage, and oflier interior or exterior fihn 

20 products with similar constructions. 

The foUowmg description relating to vinyl (PVC) siding panels is an example of one 
use of the invention for producing outdoor weatiierable decorative surfaces on extruded 
plastic sheets. The invention, however, is applicable to plastic substrate panels other tiian 
vinyl. • 

Wood, metal and vmyl are materials commonly used as boards or shingles for siding 
in tiie construction and remodeling of commercial and residential strucmres. Painted wood 
is perhaps the most aestiietically pleasing of these materials to die consumer, but wood 
suffers from deterioration by rottmg and attack by msects, rodents and birds. Wood surfaces 
need constant re-protection witii paint, stains and water sealants. 

Advantages of metal over wood include the abiUty to provide a baked-on finish tiiat 
is more resistant to die elements tiian coatings applied to wood, tims eluninating subsequent 
material and labor costs to tiie consumer. However, metal-based sidmg has less thermal 
msulation value and is sensitive to scratchuig and denting by hail and other blows to die 
surface. In addition, it does not have tiie pleasing look of a wood surfece. 

Vinyl siding has an economic advantage over most high quality wood and metal siding. 
It has better insulating qualities tiian metal, and it is more resistant to dentmg and scratching. 
However, vinyl is sensitive to degradation from ultraviolet rays of the sun. Previously, vinyl 
siding has suffered aestiietically compared to wood because of tiie generally higher gloss or 
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1 "^<>™*'» of vinyl sMu«,„Uch to a rather laaddiUon 

^ll^rr ""^ ' —-'-'^WS wood grata pattern U,a. is 

pleasing to the consumer. 

-me present invention overcomes the drawbacks of presently available vinyl siding by 
5 providing a process that economically produces a vinyl-based siding panel with a superior 
outdoor weatherable surface having the look of either a painted wood surface or i^tural 
unpamted wood grain. u^^n 

ch. . ^ ^'"^"^^ °° ^ P">^«^^ ^ ^^^i'^h an extruded 

sheet of PVC « decoiated and embossed to produce a wood grain appearance. A 

10 sihcone-coated release paper is used in this process to transfer a printed wood grain pattern 
^ the vmyL TypzcaUy. an acrylic clear coat and a color coat with a wood grain pattern are 
coated on the paper carrier sheet and then transfer-laminated onto the vinyl extrusion under 
heat and pressure. The wood grain color coat can simulate the appearance of painted or 
unpamtedwood. clear coat and wood grain color coat bond to the extrusion 1 release 
from the paper carrier sheet so that the clear coat forms a protective outer coating for the 
underlymg wood grain color coat. During the transfer process, the release paper is pressed 
mto contact with the extrusion by an embossmg roll that transfers deep embossment to the 
surface of the transferred decorative wood grain. The deep embossments or indentations 
produce a shadow" effect in the finished surface that more truly resembles the sheen of 

20 natural wood. Without these embossments, the vinyl wood grain-simulatmg surface has a 
flat appearance at different light angles - an umiamral look that gives the misatisfactory 
appearance of a plastic sunulated wood panel. 

There are several drawbacks to this prior art process of making vinyl wood grain 
panels. A prmcipal disadvantage is that gloss levels produced by this process are too high 

«n ^T."" "^"^ ^'^ ^^^^ (ASIM 

L> 3579-86. 5.11). surface gloss levels produced by the prior art process generally have a 75" 

fZ '° '° ^ with a 

gloss readmg below about 20 gloss units, and preferably below about 12 gloss units is 
desirable to produce a more namral looking simulated wood grain finish 

In addition to its surface gloss problem, the silicone-coated paper carrier sheet of the 
pnor art can prevent carefuUy controlled printing of the decorative coatings. The carrier 
sheet also should release freely from the decorative layer transferred to the extruded vinyl 
sheet. Transfer of the decorative wood grain layer to the vinyl sheet takes place at high 

55 mimediately after rt exits the extruder die opening. If the vinyl sheet is embossed when the 
wood gram coat transferred, embossing temperamres should be high in order to physically 
form toe embossments. A substantial reduction in temperature of the vinyl extrusion prior 
to embossmg can inhibit fomnng deep embossments. If the transferred wood grain coat has 
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1 a highly roughened surface, in order to produce lower gloss, the surface roughness can 
interfere with proper release of the carrier sheet. At the high transfer and embossing 
temperatures, certain coatings on the carrier sheet can pieferentially adhere to the carrier 
rather than properly releasing from it. 
5 The decorative coatings transferred to a vinyl sheet to provide a wood grain or other 

surface finish also should protect the underlying vinyl, panel from UV degradation, 
delamination, and other weather problems. 

Thus, there is a need for a process for manufacturing decorative wood grain vinyl 
sheets with a sufficiently low gloss surface to resemble the appearance of natural wood grain, 
10 painted or unpainted. In a transfer process in which the wood gram coating is printed on a 
carrier and transferred from the carrier to a vmyl extrusion, while the vinyl is being deeply 
embossed, there is a need to ensure that the decorative wood gram coat properly releases 
from the carrier and bonds to the vinyl. The deep embossing step must not be adversely 
affected; the low matte surface of the decorative wood grain must not adversely affect proper 
15 release from the carrier; and these steps must be carried out at the high temperatures and 
pressures necessary for proper embossuig. 

These technical problems have been solved, to a great extent, by the process disclosed 
in the applicant's U.S. Patent 5,203,941 to Spain et al,, which is incorporated herein by 
reference. The Spain et al. patent discloses solvent-cast paint films applied as a decorative 
coating to the matte release carrier sheet. The present invention provides a process lor 
makmg the vinyl siding panels in which the disadvantages of using solvent-cast fihns for the 
outer protective coat are avoided. 

One aspect of this invention provides a process for making decorative wood grain 
extmded vinyl sheeting suitable for outdoor use, in which the surface of the decorative wood 
25 grain has a sufficiently low gloss to resemble namral wood grain. As an option, the 
decorative wood grain surface can be deeply embossed to produce a natural lookmg wood 
grain surface. The low gloss wood grain coat transfers to an extmded vinyl sheet and 
properly bonds to the vmyl extrasion, while the carrier on which it is coated properly 
releases from the transferred decorative surface at elevated temperatures. The invention also 
30 provides extmded plastic siding panels with weatherable decorative surface coatings that 
inhibit long term UV deterioration and delamination problems. 
Summary of the Invention 

Briefly, one embodiment of this invention comprises a process for making a protective 
and decorative surfacing fihn comprising extrasion coating a solid polymer from an extrader 
35 die directly onto a movmg carrier sheet to form an extmded coating of uniform film 
thickness on a smooth surface of the carrier sheet. The extrusion coated layer is preferably 
formed as an optically clear first layer on the carrier which travels at high speed past the 
extrader die opening. The extrusion coated first layer is hardened by a temperature 
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reduction. sm:h as by contact with chill rolls, followed by applying a pigmented second layer 
m thm film fonn on the cooled first layer to fonn a composite paint coat in which the Lt 
and s«:ond layers are bonded to each other. An optional size or adhesive coat may be 
apphed to the second layer. The composite paint coat is preferably transferred to a backing 
sheet or other substrate panel, after which the carrier sheet is separated from the resulting 
larmnate to expose an outer surface of the first layer as a high gloss surface with a hi^ 
distmcmess-of-unage providing a transparent protective outer coat for the pigmented sccoS 
layer and the underlying substrate panel. 

Although various polymeric fihn-forming materials can be used for forming the 
extrusion coated outer layer, the preferred extrudable material is a blend or alloy of a 
flZr^^' " fluoropolymer is preferably poly vinylidene 

The pigmented second layer, in one embodiment, can be solvent cast onto the 
extnmon-coated first layer, or alternatively, the first and second layers can be formed as a 
coextrusion which is then coated onto the movmg carrier sheet. 

^.r.-.J^VT' coextrudmg various layers of the composite 

lammate mcludmg not only the clear coat and miderlying color coat but also size. tiVand 
other functional coats as well. The carrier can also be extruded in tandem 

Smcc one or more layers of the composite paint coat can be extrusion coated using 
sohd polymers, the process avoids the use of expensive solvents and also avoids VOC 
en.iss.ons and cross-contaminations associated with solvent casting. Tht process also can 
reduce production time and costs. A line speed for extrusion coating can be at least 50 feet 
per mmute and in some instances in excess of 200 feet per minute, as compared to 25 feet 
per minute for solvent casting techniques. 

Such improvements in line speed and related improvements in quality of the extrudate 
are produced by controUing the compatibility of the blended polymeric materials that 
compnse the baclcbone of the extruded material. By matching the melt viscosities of the 
blended polymenc materiak in that they are reasonably close to each other, the flow 
characteristics of the aUoyed material when heated to the extnision terhperamre produce a 
smooth, inore miiform flow which also avoids stress formation and visual defects in the 
nardened film 

J^f^.^^^^'^^^I^t^ of the invention will be more fully understood by referring 

to the foUowmg detailed description and the accompanying drawings. 
Brief Description t ^f the Draw^ ng.^ 

HG. 1 is a schematic diagram generally illustrating one embodunent of the invention 
m which a clear coat is extrusion coated onto a carrier sheet followed by a solvent cast color 
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FIG. 2 is a schematic diagram illustrating a process of applying a release coat or gloss 
control coat to a carrier sheet and then extrusion coating a clear coat on the release-coated 
carrier sheet. 

FIG. 3 is a schematic diagram illustrating a further step in the process in which the 
clear coat/color coat film is transfer-laminated to a thm semi-rigid backing sheet. 

FIG. 4 is a schematic diagram illustratmg an alternative subsequent step in the process 
in which a paint fihn is applied to a backing sheet while the sheet is being formed by the 
sheet extruder. 

HG. 5 is a schematic diagram iUustrating final steps of the process in which the 
laminate produced by the steps shown in FIGS. 3 or 4 is vacuum-formed and then injection 
molded to produce a finished panel. 

HG. 6 is a schematic cross-sectional view Ulustrating multiple layers of the finished 
paint coated panel of HG. 5. 

HG. 7 is a schematic diagram illustrating an embodiment of the invention in which 
a clear coat and a color coat are fonned as extrusion coatings applied to a carrier sheet. 

FIG. 8 is a schematic diagram iUustrating an embodiment of the invention in which 
a clear coat and color coat are produced as a coextrusion coating on a carrier sheet. 

FIG. 9 is a schematic diagram illustrating an embodiment of the mvention in which 
resins and additives are compounded by melt blending in an extruder to produce 
20 homogeneous pellets for use in the extrusion coating process. 

FIG. 10 is a schematic diagram illustrating an embodiment in which a clear coat is 
extrasion coated onto a carrier sheet foUowed by a separate coextrusion coating of a color 
coat and size coat applied to the same clear coated carrier sheet. 

FIG. 11 is a schematic diagram illustrating an embodiment in which a release gloss 
25 control coating is applied to a carrier sheet by a solvent process followed by an 
extrusion-coated clear coat which is then printed with solvent-based gravure patterns and tfien 
coextrusion coated with a color coat and a size coat. 

FIG. 12 is a schematic diagram illustiating an embodiment in which a coextruded 
substrate is formed, foUowed by a coextrusion coated color coat and clear coat to which a 
30 carrier sheet is applied at the extrusion coating/laminating station. 

HG. 13 is a schematic diagram illustrating an embodiinent in which a sheet contaming 
a substtate, size coat, color coat and clear coat as shown in HG. 12 is formed and extiusion 
coated with a carrier sheet rather than applying it at a laminating station. 

FIGS. 14 and 15 are schematic cross-sectional diagrams illustrating an in-mold process 
35 where a laminate is placed direcUy into an mjection mold and molded into a finished panel. 

FIG. 16 is a schematic diagram illustrating an embodiment in which a substrate is 
coextruded m sheet form, followed by extrusion coating a size coat, a color coat and a clear 
coat, followed by introduction of a carrier sheet. 
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1 FIG. 17 is a schematic diagram illustrating a process for making siding panels 

compnsmg the initial steps of applying a series of grain prints or patterns . followed by one 
or more color coats and a size coat. 

5 ■ T' ^ 'f'"^"^' '"'^'^ ^"^"^^ ^ ^-^^"^ ^"^"^'^^ ^fe^ and embossing 

5 step m the process for making extruded plastic siding panels with embossed decorative wood 
grain surfaces. »»vwu 

ofadc^t;v?wr::2'foT^^^^^^^ 

10 plastic^lg'pa^e: ^"^'^'"^ ^ ^^^^^^ 

FIG 21 is a schematic diagram illustratmg an embodiment of the invention in which 
a earner sheet is extrusion coated with a clear coat foUowed by an extrusion coating of a 
color coat an optional extrusion coating of a PVC color coat, and transfer of a pressure 
sensitive adhesive. H*c:«>ure 

1^ Detailed T> escrip tini^ 

filn, * 'y^^ '^'^ cmbodime« of the invemlon In wMC a clear coat 

" ""^ " » «»n»ion coat«i onto a nexMe carrier sheet 
12. Tte earner sheet is prefi=n>bly a flexible, heat-resistant, inelasac, self-suppoiting high 

20 lTrlT^-T°^"^'^- '""-""Min^nt.thecarriersheetLS 
20 a two mil thick b,ax,ally oriented polyester film such as that sold under the desi^aUon 

Hostap^ 2000 polyester fihns by Hoechst Cetaiese Cotp. lie carrier ^ ^ 

optionaUy release coated as desaibed below. 

The clear coat prefeiably comprises a solid polymeric material that can be extruded 

25 -IT"""" " ' «tat ft contains 

~ly - solvents that require high temperam« exposure for drying or otherwise 

tote^g the dear «,atfihn. The polymeric material can comprise various Bietmoplastic. 
Aennoformable and weatherable polymets such as actylics, methanes, viuyls 
*-°^°f>---^«="<^ •hereof. PolyvinyUdene fluoride (PVDF, and polyvininuS; 
(PVF) are preferred fluompolymers. A presently preferred extnidable polymeric material 
>0 comprises a blend or auoy Of PVDF and acrylic restas. prefen^ L^^^ ^Ts 

(PEMA) abo can be used. la a presemly prefern=d formulaUon the clear coat maerial 
compiles from about 50 percent to about 70 petcent PVDF and from about 30 petcem to 
about 50 percent actylic lesin, by weight of the total solids present in the PVDF/acrylic 
15 fonnulation. Tlat is. these solids ranges ate based on a>e relative proportions of the P'^P 
rrv^r.V ""^ *" '"^ tonnnl^. Odier minor amounts of solids 
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1 The clear coat polymer is preformed as an extrudable material in pellet form fed from 

a hopper 14 to an extruder having an extruder die 16 adjacent the surface of the carrier sheet. 
The carrier sheet is provided as a supply roll 18, is unwound, and travels at a high line speed 
past the extruder die opening. In one embodiment, line speed exceeds 200 feet per minute. 

5 The die extrudes the polymeric material through a narrow slot to form a thin low viscosity 
coating of a liquid of uniform thickness that uniformly coats the carrier sheet which is 
continuously moving at high speed past the extruder die slot. Extrasion temperature is in 
excess of 340**?, and in some instances can approach 450^F, The entke thickness of the 
coating for the pass under the extruder die is applied across the width of the carrier. The 

10 extruded coating is immediately cooled thereafter, by contact with a chill roll 17, which 
hardens the extmded clear coat layer. The cooling step usmg the chiU roll is described in 
more detail below. The extmsion coated carrier is woimd as a take-up roll 20. 

A pigmented color coat material 22 is solvent cast on the exmided clear coat side of 
the carrier 12. The color coat 22 can comprise various polymers used as binders for paint 

15 fihns such as theraioplastic, thermoformable and weatherable acrylics, urethanes, vinyls, 
fluoropolymers and blends thereof. The fluoropolymers preferably comprise PVDF or 
copolymers of PVDF resins. The preferred color coat formulation is a blend of copolymers 
of PVDF and an acrylic resin. Preferably, the acrylic component can comprise PMMA, 
although PEMA also can be used. In addition, reflective flakes can be uniformly dispersed 

20 in the color coat to produce automotive films having a metallic appearance. Formulations 
for solvent casting the color coat formulation are described for example in International 
Application WO 88/07416 to Spam et al. which is incorporated herem by this reference. 
Following solvent casting of the color coat on the clear coat, the color coat is dried at 
elevated temperatures to evaporate the solvents, and the paint coated carrier is then \yound 

25 as a take-up roll 38. An optional size or adhesive coat may be applied to the color coat side 
of the carrier sheet. 

In another embodiment of the invention, the clear topcoat 10 can be extrusion coated 
in tiiin film form generally ranging from about 0.1 mil to 3.0 mils m thickness onto the 
surface of the carrier 12. Thicker top coats may be used for certain multi-layer fihns 
30 contaimng a base coat witii reflective flakes. The carrier is preferably an oriented polyester 
castmg film such as DuPont Mylar A or Hoechst Hostaphan 2000. The thickness of carrier 
sheet can be from 0.48 mil to 3.0 mUs thick, but preferably 1.42 to 2.0 mils functions best 
for subsequent coating and lamination operations, that is, for web control and heat transfer 
properties. 

35 In this embodunent, the carrier fihn is unwound, then passed to the extrusion coating 

die 16 where the clear topcoat 10 is extrusion coated onto the carrier sheet. The topcoat 
formulation is preferably an extrudable solid polymeric material comprising a 
fluorocarbon/acrylic blend such as polyvmylidene fluoride, i.e., Kynar 720 (Elf Atochem), 
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a..d polymett,yl methactyla«, i.e.", Plexigte VSlOO (Atoha;^), Tie HuorocaHxm polymer 
com=m ^ ttase blends c» fton, about 50% ,o about 70% a>Kl the achylic co„ 
can range ftotn about 30% to about 50%. Other fluorocarbon., otJacyfa ^ 
^lymers hereof n.y aUo be u«d as topcoats, He preferred topcoat flucl^rr;.,^ 
frotn about 0.5 to 2.0 mils in ord« to obtain the needed gloss, DOI, and ab^'^ 

not a fee fflm or a self-suppordng film and requires use of the carrier sL. 12 for sZ,^ 
throughout the process. <==i lor support 

HG. 2 is a schematic diagram iUustiating in more detail the successive steus in ™ 
«trns.„n coating process iDustrated generally in HG. ,. PIGS. 3 throu™^" 
d^ Ulustrating successive steps i„ the extrusion coating proci as apph^for 
producmg an ™ automotive quality pamt coat on a molded plastic car body ^ ■Z 
TT ''T """"""^ - ""-^ — contoured surface oJ a mol^ 

T^I^^^' ^ 5 - •o"' '-^^ - one embodimem o, 

a u^ orUM extrusion coated fitos of this invention, inasmuch as other applications are also 

" " ""^"^^ decoraUvelfacinXtr 

Referring to HG. 2. the carrier 12 U first coated with an optional release coat which 
provides a means of controlling the gloss and DOI levels of the Ltntded clear ^t 
-PPly rou ,8 of ate carrier film 12 is shown wid, the carrier sheet passmg ^a seS 
of roUs pnor «, applying a release coat material 23 «> the surface of the carder^^ 
convenaonal gtavnre cylinder 24. The release coat is prefe^bly a silicone-based li^d 
coaang apphed to the earner by a conventional coaUng process such as gravure printtarr 
^ toect or reverse roU coating. The release coated ca^er then passes through L ove^25 
for drymg the release coat. The drying oven preferably comprises an hnpinging air oven 
sufSc^nt for drying and crosslinldng the release coat material. ApplicatiL ofT^iZ 
coat ts prefetably controlled so that it produces a high gloss surface in its dry flta fo.!^ 

Tic release coated carder sheet 27 then exits the drying oven 26 and passes to fte 
^.on coaUng opetation wtere the extmder die 16 extrusion coats the clear coat fflm 10 
onto the release^ated surface of the carrier sheet. Immediately foUowing exmtsion 
-ong^ the clear-coated fflm passes around the chill roll 17 ^er. the f^uTZ 
^1^ cooUng On. or more water cooled chill roUs can be used for contacting^ 
^ ^eet to produce contmlled temperamre reducdon. Tlte process by whid, the cLer 
«^also c^mrols dte exterior gloss and DOI of the finished product., lie exmision 
topcoated and release coated catrier flhn 28 is then wound as the take-up raU 20 

cast co!^^ r° °' « "i"^ - »>v«« 

cast color coat. Tte solvent cast color coat material 22 is applied by a reverse roll coating " 
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Station 30. although the color coat film also can be applied by gravure printing or other 
solvent casting or coatmg techniques. The paint coated film 32 comprising the extruded clear 
coat and solvent cast color coat then passes to a drying oven 34. The color coat is preferably 
dried at oven temperatures from about 250''F to 400»F. Preferably, drying is done in 
multiple stages as is known in the art. The solvent gases are driven off by the drying 
process, leaving a fihn 36 that exits the oven comprising a color coat in hardened form 
bonded to the extrusion coated clear coat on the release coated carrier sheet. The fihn 36 
is then wound as the take-up roll 38. 

The color coat side of the paint coat on the carrier may next be coated with a size coat 
such as a thermoplastic adhesive. A chlorinated polyolefin (CPO) adhesive is used as the tie 
coat for bonding to a substrate made of thermoplastic polyolefin. A CPO size coat 
formulation preferably mcludes Hypalon 827B (DuPont) mixed with a solvent such as toluene 
in a ratio of about 25 %/75 % , by weight. 

Referring to HG. 3, the paint coated carrier 36 is next laminated to a thermoformable 
polymeric backing sheet by dry paint transfer-laminating techniques. The laminating step 
includes separating the carrier sheet from the clear coat layer and simultaneously bonding the 
clear coat and color coat to a semi-rigid backmg sheet 40. The backing sheet 40 is initiaUy 
wound as a supply roll 41 and is unwound and fed to a transfer-laminating station 42. The 
thickness of the backmg sheet is preferably in a range firom about 10 to about 40 mils with 
20 mils being a preferred thickness of the backing sheet. The backing sheet can be made 
from various polymeric materials such as thermoplastic polyolefin. polyester, ABS, nylon, 
PVC, polycarbonate, polyarylate, or polyolefin such as polypropylene or polyethylene. The 
paint coated carrier and backing sheet pass between a heated lammating drum 44 and a 
pressure roll 46 for pressing the overiapping sheets into contact and for heating them at a 
25 temperature sufficient to activate the adhesive size coat, which may be coated on the dried 
color coat. Alternatively, the size coat may be coextruded with a backmg sheet or lammated 
to the backing sheet prior to lamination of the clear coat and color coat to the backing sheet. 
The process of HG. 4 transfers the paint coat (clear coat/color coat) to the surface of the 
semi-rigid thermoformable backing sheet. 
30 Following the ttansfer-laminatiaig step, the carrier sheet 27 is separated from tiie 

resulting laminate and wound as an unwind roll 48, and the resulting laminate 49 (which 
comprises the thermoformable backmg sheet with the adhered color coat and clear coat) is 
wound as a take-up roll 50. The exposed clear coat side of the resulting lammate 49 is 
measured for DOI and gloss. The smooth surface of tiie release coated carrier sheet 27 
35 transfers to the clear coat side of the sheet and is replicated on the smooth surface of the 
laminate, which results in a high gloss and a high DOI appearance. A high DOI greater than 
60 and a high 20° gloss greater tiian 75 are achieved witii this invention. 
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fll™ atemidv. pracess of transfariig the clear coat/color coat paim 

fllm R, a ftemtofonnable backtog sheet. In this embodiment the baddng sheet 52 is 
contmaonsly extntded ftom an extPKier die 54 while the paint fflm 36 suj^orted by the 
cam^ .s nnwouM from the roU 38 and continuously extntsion iaminat«l ,o fte backing sheet 

«tlbbS " "^^ ^ be made ftoL atj 

extmdab e polymenc man=nal selected tern toe group of bicMng sheet materials discussed 
P«v.ously. Tlte resulting laminate (comprising the carder-supponed clear coat/col^^ 

*«^kn« Sheet and bonding U« clear coat/color coat film to it. He finished paint ml 
|— 56 .s wound as a take-up ^ 58 after the release coated catrier sL 27 h 

5<i tJ'^Ti,'^ ""^king sheet 49 (ftom the HG. 3 process) or 

56^m fl>e HG. 4 process) then passes to a thermofonning step where t^l shei Z 

rZ^™ T f"*^ ""^ three-dimensional shape. He thetmoforming 
o^n generany u.cludes placing the paint coated b^ldng sheet in a «cuum forming 
machme 57, and heatmg tt to a temperature in the range of about 270°F to 540«F n,e 
^-coated Side Of the backing sheet is «tposed during the thennoforming operation. After 
^ l_ ts heated to a« desired temperamre, the laminate is vacuul flted into^ 
d«ued atreeKtaensional shape by drawing a vacuum on a vacuum fonning buck to W 
^mo^ten pla»c ,«o .he shape of the working surface of d. buck. Pressl also ma^Te 
^ force toe sheet at^und the tool. lie buck stays in place long enough to coofthe 

.t 1- fro" ^ to form d,e 

^g three^^ionaUy comoured shape of the paint coated Uuuinate 58. In one 
embodnnent. the pamt coat can elongaK from about 40 percent to about 150 percem greater 

whitemng. or othenvKe dKruptmg U« exterior automoUve durabUity properties and the 
^^ce properties of gloss and disUncmess-of-image fta. were p«sen, in the composite 
^ c<«t before th«moforming. In one embodiment DOI retained by the thermoformed 
sheet ^ m excess of 60 (as measured on d« HumerLab Dorigon D-74R.6 instrument) ^0' 
glo«s meaaues at leas, 60 and 60- gloss measures at least 75 under such elongadon. In some 

elongauon). fimshed products a«, made with high levels of retained gloss and DOI 

fliermof T! *'™»*'"»i"8 ^ <«= cutdng step, me resulting paim coated 
^fonned Shell 58 is d>en placed in an injection mold 59 having a como^^ mold face 
tta. notches the contoured outer snrfece of d,e clear coa, side of the thennoformed sheU 
A polymenc mjection molding material is injected into tite mold and forced against the 
^g sheet^de of U» thermoformed sheet to bond die substrate materT^ Z 
thermoform. TTte resulting panel 60 is then removed from the mold to provide a rigid 
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1 substrate panel with a contoured decorative outer surface comprising the thennoformed 
backing sheet and its adhered clear coat, color coat, size coat and tie coat, if required. The 
preferred polymers used for the substrate plastic molding material of the finished panel are 
polymers compatible with the material from which the backing sheet is made. These may 

5 include thermoplastic olefins. ABS, nylon, polyester, polycarbonates, and polyvinylcWoride 
compatible with the correspondmg materials from which the backing sheet is made. 

The transfer-lamination, thermoforming, and injection molding steps can be carried 
out by various processing steps known to those skilled in the art and are described, for 
example, in International Application WO 88/07416 to Spain et al. and U.S. Patent 

10 4,902,557 to Rohrbacher which are incorporated herein by reference. 

In one embodiment of the invention, FIG. 2 schematically illustrates a two-step 
process which can be performed in tandem or as two individual operations: (1) gravure 
printing a polyester carrier film with a silicone release coat or a gloss control release coat, 
and (2) extrusion coating a clear topcoat on a silicone release coated or gloss control coated 

15 , carrier from the first operation. As mentioned previously, the release coat surface of the 
carrier is optional. The carrier film 12 is unwound from the supply roll 18 and this film 
travels into the gravure print station where the release coat or gloss control release coat is 
gravure coated onto carrier film. The carrier film coated with the silicone release coat or 
gloss control release coat is passed through a 20-ft. drying oven 26 with impinging air for 

20 325-350 sufficient for drying and crosslinking the silicone release coat or the gloss tontrol 
release coat on the carrier film. In the first stage of the drying oven, the silicone release coat 
or the gloss control release coat is sufficiently crosslinked to permanently bond it to the 
carrier sheet. The silicone release coat dried deposition weight is from 0.5-1,0 gm/m^ and 
the gloss control release coat dried deposition weight is from 3-5 gm/m^. (As an alternative, 

25 the silicone coated PET can be purchased directly from the manufacturer, such as American 
Hoechst 1545.) The coated carrier film 27 which has dried and crosslinked exits the oven 
26, and passes to the extrusion die 16 where the extruded clear topcoat 10 is applied to the 
release coated carrier, 

FIG, 1 schematically illustt-ates roll coating of a solvent cast PVDF/acrylic color coat 

30 material 22 onto the clear extruded topcoat on the PET carrier. The extruded clear coated 
film 28 travels to the roll coating station 30 where a poly vinylidene fluoride/acrylic 
pigmented color coat is roll coated onto the extmsion topcoated carrier. One preferred ratio 
of poly vinylidene fluoride copolymer to acrylic polymer is 75/25 by weight based on the total 
PVDF copolymer/acrylic polymer solids contained in the color coat. Kynar 7201 (Elf 

35 Atochem) and Elvacite 2008 (I.C.I.) are preferably used in this application. The sheet 32 
coated with the color coat passes into the drying oven which has three drying zones set at 
160**, 240** and 360 *'F, The color coat is dried and fused before leaving the drying oven. 
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FIG. 6 illustrates a cross-sectional view of the finished body panel which includes a 
contoured outer surface formed by a clear coat 61 that has been extrusion coated and bonded 
to an underlying color coat 62. a size coat 64 which bonds the color coat side of the clear 
coat/color coat composite to a thennofonnable backing sheet 66. and an underlying ririd 
substrate panel 68. TTie contoured decorative outer surface of the clear coat/color coat paint 
mm provides a high gloss, high DOI outer surface in which the color coat is visible through 
the transparent outer clear coat. 

Many of the constructions described above with backing sheets less than 20 mils can 
be placed direcUy into an injection mold without the intervening thermofonning step The 
plastic molding material is then injected into the mold and shapes the lammate to the 
contoured surface of the mold cavity, while the plastic moldmg material forms the substrate 
panel of the finished decorated part. Many clear coat, color coat, and size coat foils may 
be made by this in-mold process to form die finished part, or this construction may be first 
lammated to a 3-15 mU flexible backing sheet, such as vinyl, nylon, or methane, the carrier 
remov«i. and the laminate then formed in the injection molding machine to produce a 
finished part. Hiese in-mold techniques have been used previously m the industry for 
mtenor automotive fihns. 

HG. 7 illustrates an alternate form of die invention m which the clear coat and color 
coat are extruded m series onto a common carrier sheet. In this embodmient the clear coat 
naatenal 10 is first extmded onto an optionally release-coated carrier sheet 70 in a manner 
smular to the process described in FIGS. 1 and 2. The clear coat material is extmded 
through a first extmsion die 72 for extmsion coating the clear coat on the optionally 
release-coated surface of the carrier. The clear-coated carrier sheet umnediately passes 
aromid a first chill roll 74 where the clear coat is hardened. The carrier then contmuously 
transports the hardened clear coat past a second extrusion die 76 where the color coat 
material 75 is extmsion coated direcfly onto the clear coat. Hie color coat then immediately 
undeisoes controlled coolmg by passing around a second chill roll 78. The carrier sheet with 
the clear coat/color coat paint film is then wound as a take-up roll 80. 

FIG 8 iUustrates one embodiment of an extrusion coating process in which multilayer 
fihns are formed as coextmsions coated onto the optionally release-coated carrier sheet In 
this process the optional clear coat and color coat are extrusion coated from a single 
extrusion coating station comprismg two separate extruders. A first extruder 82 contams the 
clear topcoat material. A second extruder 84 extrudes the pigmented color coat material. 
The melt stream from these two extmders is fed to a feed block 86 which determines the 
relative thickness of each component m the final coextruded film. In one embodiment the 
w p^r""""* ''^^^ PVDF/aciylic resin containing from about 50 to 

70% PVDF and from about 30 to 50% acrylic resin as described above. TTie color coat 
matenal is a PVDF copolymer/acrylic resin blend as described above. A clear coat havmg 
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a thickness of one to two times the thickness of the color coat is a preferred embodiment. 
The partition melt flows from the feed block 86 to the extruder die 88. The meh 89 is then 
extruded onto the polyester carrier 90 which is unwound from supply roll 92 and travels past 
the extrader die slot. This coated foil then travels immediately over a chill roll 94 and then 
to a take-up roll 96. This foil with an appropriate size or tie coat system can be laminated 
as described in FIG. 3 to produce a lammate which can be thermofonned, die cut, and 
injection clad to yield a finished automotive part. 

In a further embodiment (not shown), size coat, color coat, and clear coat materials 
are extraded through three separate extraders. One extruder is fed a size coat, a second 
extruder is fed a color coat, and a third extruder is fed a clear coat. The melt from each 
extruder is then fed into a common feed block and the resulting partitioned melt is then 
extruded from an extruder die onto a polyester carrier traveling past the extruder. 

Referring briefly to FIG. 9, the clear coat, color coat and size coat materials referred 
to in the embodiments of HGS. 7 and 8 can be initiaUy made in pelletized form. A dried 
15 blended formulation is fed to an extrusion hopper 98 and is then extruded through a twm 
screw compounding extruder 100 to form multiple extruded strands 102 which pass to a 
cooling bath 106. This hardens the extrusion which then passes to a chopper 108 that 
produces the finished pellets at 110. The extruded size coat, clear coat and color coat 
materials described previously can be in pelletized form produced by the process of FIG. 9. 
20 FIG. 10 schematically illustrates a process in which two extrusion .coatings are 

performed in series to produce a multilayer clear coatA)ase coat/size coat on a polyester 
carrier. In this process a clear coat material is extruded through a first extrusion die 112 
onto a release-coated carrier 114. After passmg around a chill roll 116 the topcoated carrier 
passes to a second extrusion station 118 having a pair of extruders 120 and 122. The color 
25 coat material and size coat material m pelletized form is fed to individual extruders and the 
output is introduced to feed block 124 and then through an extruder die 126 onto the 
clear-coated carrier. The feed block introduces an 85/15 ratio of color coat to size coat 
thickness. The color coat side of the coextrusion is coated onto the clear coat with the size 
coat on the outside. The clear coat and extruded color coat/size coat are laminated at the nip 
30 of a chill roll 128 and a pressure roll 130. The laminate then passes around the chill roll and 
to a take-up roll 132. This foil can be laminated to unprimed backing sheet materials (such 
as those materials described previously) instead of primed ABS as in FIG. 4 to produce a 
laminate which can be thermoformed, die cut. and injection clad to produce a finished 
exterior automotive part with a high gloss and a high DOI. 
3^ FIG- 11 schematically illustrates a process in which an exterior foil is produced using 

extrusion coating and gravure printing. A polyester carrier sheet 132 is unwound from a 
supply roll 134. The polyester web travels over idler rolls to a gravure print station 136 
where either a release coat or a gloss control coat is applied; the coated web 138 is then 
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dn«i fa a gnivure oven 140. Thi dried „l«se coaKd or gloss comrol coated web navels 

descnbed m HO 2. The topcoated web 144 travels over idler rolls to a series of gravure 
pr™ ,46, 148 a,^ 150 a«i gravure ovens 152. 154 aM 156 in tandeTwZ" 

L^it^ HG 2"^ T ""T^- "^-•"C) isapplled .0 the t„Zt^ we 

Iti^n^hT """^ » "^n^ion coating 

stanon 160 havmg nvo exmiders 162 and 164 where a color and size coa, are coextnS 
o^o the pm«ed web as described fa FIO. 10. Tie firished decoradve exterior 
ex^uston-lan^jnated and travels over a chill roll ,67 and idler roUs .0 a take^p 1 fss 
Tins fod can be laonnated .0 a bacldng sheet, themtoformed, die cut, and inj Jo" 
HG^ «-io"uton,otive par. such as brushed alnn^ bod, liHC 
is orod^ " .=*=-"«J'y -"-"tes a process m which an exterior automotive lan^te 
.s produced m-Ime mntg tiuck sheet extrusion and extrusion coating processes A IM^^, 
_ion hne has two extrude,.. A fu« extruder ,70 is fed v^tS ^ZdiiT^ 

odter extrudable thermoplastic materials suitable as a flexible laminate tacl^g ZT A 

powders such as acryUcs, CPO. uteflianes aiKl other material for use as a ^ ^tfZ- 
exjclor laminate foOs. A melt stream fiom the »o e«ruders L fJto a ^^.^ Z 
whtch controls the relative dUckness of each component layer in the fma, co^l^^ 

T ™ ^ 176 to a catendar s^^nst^ 

of three ttmperamre controlled rolls 178, ISO and 182. Tb. coexmrded sheet 175 is fe^ 
hc^ntaUy mto aset opening beB«en U« top roU 178 and middle roll 180 of flte tta^ Z 
calendar stack. top roll is used .0 meter and d» mMdle roU is set at li,^ Tj^ 
suppon the substrate while it starts to solidify. Tie bottom roll 182 is used ,^ZmZ 
expend surfi^ of flre size coat and ,0 flnish cooling the substmte for proper h^r^ 
coow pnmed sheet 184 passes over idler rolls to an extrusion coa,4 sLoa haX Z 
exBuders whete a color coat and a clear topcoat are coextruded onto th^ primed Z 
color coat material is fed from a hopp« 186 to a first extruder 187 c^, Z 

^nal « fed tan a hopper 188 to a second extruder 189. Tt. firs, extr^er 1^ Z 
^ZTm r^P/"^ r "P°>^« color coat as its feedstock. T^ LZ 
TT '°P««t feedstock. Tbc melt stream from two 

extmders .s fed ,„ a feed block 190 which detennines the relative thicknessT^* 
component m dte fmal coextruded fUm. The partitioned melt flows ftomT^S bll^^ 

a" f v,'*' '^"'"^ ^f^ir^r^ extmsion coL niptm 

a h^ durometer tackup roll 194 and a chill roU 196. Ti. primed backing shL eutT^ 
extms„,n coatmg mp and a high gloss polyester carrier film 198 is fed over chill roTl9^ 
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1 from a supply roll 200. This polyester film is used to enhance the gloss of the final product, 
since the topcoat of the coextruded fihri replicates the smooth high gloss surface of the 
polyester web. The composite structure (backing sheet, size coat/color coat/clear coat/carrier 
fihn) passes through the nip and is wrapped around the chill roll. The laminate 202 then 

5 travels over idler rolls to a take-up roll 204. 

FIG. 13 schematically illustrates an embodiment similar to HG. 12 in which an 
exterior laminate with a thermoformable protective sheet is produced in-line using a flat sheet 
extrusion line and two extrusion coating stations. A flat sheet extnision line as described in 
FIG. 12 coextrudes a primed backing sheet 206. This primed backing sheet passes over idler 

10 rolls into a nip of extrusion coating station 208 where a color coat and a clear topcoat are 
coextruded onto the primed surface of the backmg sheet. The clear coat/color coat are 
passed around a chill roll to produce an exterior laminate 210. The resulting laminate passes 
over idler roUs into the nip of a second extrusion coating station 212 where a thennoformable 
protective coat is extruded onto the topcoated surface of the laminate. A tiiermoformable 

15 material such as ethylene-acrylic acid or polypropylene can be extrusion coated as flie 
protective coat. The exterior laminate with a thermoformable protective coat can be 
thermoformed, die cut, and injection clad to produce a finished part with a temporary 
protective coat which protects these parts in shipping, assembly and painting. The protective 
coat is stripped off after these operations to yield a finished part. The protective coat also 

20 can be used as a paint mask. 

Referring briefly to FIGS. 14 and 15, an in-mold process is schematically illustrated 
in which a finished exterior automotive part can be produced using exterior in-mold foils or 
in-mold laminates as produced by conventional solvent castmg and by exttusion coating 
processes or a combination tiiereof. For shallow draw parts (0.125"-0.25") witii gentle draw 

25 and radius comers, an in-mold foil can be used to form an exterior decorated automotive 
part. This in-mold foil 214 as illustrated in HG. 14 is placed in a mold cavity 216 of an 
injection molding machine with a PET carrier fihn 218 facing tiie cavity side of the mold. 
The mold is closed, sandwiching the foil between sides of die molding cavity. Molten plastic 
220 is injected into the mold cavity against the size coated face 222 of the foil, forcing the 

30 in-mold foil to conform to the shape of flie cavity. The size coat bonds die foil to the 
injection molding plastic which forms a substrate panel 223. The molded part 224 is shown 
in FIG. 15. The mold is then opened and the carrier sheet and any fringe resulting from the 
in-mold process are removed to yield a decorated exterior body part 226. 

For deeper draw in-mold pans, an in-mold laminate is used in die process illustirated 

35 in FIGS. 14 and 15 to produce a decorative exterior body part. Such an in-mold laminate 
can be produced by first laminating an in-mold foil to a flexible backing sheet, such as a 
flexible vinyl, uretijane or nylon sheet described previously. This in-mold laminate is placed 
in the mold cavity of an injection molding machine so that the topcoat of the in-mold 
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lamixute faces the cavity side of the mold. After the mold is closed, preheating the laminate 
or blowmg or vacuum forming the laminate into the mold cavity prior to injection cladding 
can miprove the appearance of the finished part. The laminate conforms to the shape of the 
mold and less wrinkles and bum-through occur during the injection process. Molten plastic 
IS injected agamst the backing sheet, forcing the m-mold laminate to confonn to the shape 
of the mold cavity. The backing sheet bonds the laminate to the injection moldmg plastic 
lUe mold IS opened and the fringe of the laminate sheet is cut away to yield a finished 
extenor part (not shown). a imisnea 

As a further alternative, the transfer-lamination. thermoforming and injection molding 

^'8/074?6rr"°''r"" "^"^ " ^P^^^*'^ mtemational Application 
Z pm '° ^ ^"^^ automotive body panel 

FIG. 16 shows a further embodiment of tiie invention comprising a three-layer 
coextrusion which includes a clear coat, a color coat and a size coat extruded at 230 TTie 
clear coat, color coat and size coat, in that order, are joined togetiier in a die block 232 witii 
a backmg sheet from an extruder 234. The backing sheet provides a support for flxe tiiree 
layer coextruded fihns. Ite polymeric material tiiat comprises the support layer of the 
coextrusion can be any extmdable material such as ABS. thermoplastic polyolefin 
polypropylene or PETG. The resulting four-layer coextrusion 236 is then extrusion coate<! 
onto tiie surface of a PET carrier sheet 238 tixat travels past tiie extruder die openmg THe 
earner 238 can comprise various polymeric materials such as PET or PETG. In one process 
a clear coat, color coat, and size coat are extrusion coated from a single extrusion coating 
station usmg tiiree separate extniders as illustrated in HG. 16. One extruder contains a 
ov^^ clear topcoat as described previously. The second extruder is fed pigmented 

PVDF copolymer/acrylic color coat as described previously. The fliird extruder is fed an 
acrylic size coat material such as Plexiglas VSlOO (Atohaas). The melt streams from fliese 
three extruders are fed to the feed block 232 which controls flie relative tiiickness of each 
component m tiie final coextmded fihn. A 45/45/10 ratio of clear coat/color coat/size coat 
is preferred. The partitioned melt 236 flows from tiie block to tiie extruder die The 
partiuoned melt is tiien exti:uded onto tiie polyester carrier sheet. THe carrier sheet can be 
extruded smiultaneously witii coating of tiie extmded fihns onto tiie carrier, as in HQ 16 
or tiie tiuee-l^er extruded fUm can be coated onto a carrier sheet being unwound from a 
supply roll. This coated foil tiien travels over a chill roll and idler rolls to a take-up roll 
240 Alternatively, tiiis foil can be laminated to unprimed ABS instead of primed ABS to 
yield a laminate which can be Oiermofomied. die cut. and injection clad to yield a finished 
automotive part. 

Anotiier embodimem of tiiis invention is an extruded color coat tiiat can be used 
witiiout a Clear coat. The extmded color coat which comprises tiie exterior weatiierable layer 
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of the finished product can be made from various themoplastic and thermoformable 
polymers such as acrylics, urethanes, vinyls, fluoropolymers, and blends thereof. A 
presently preferred extrudable polymeric color coat material comprises a blend of 
polyvinylidene fluoride (PVDF) and acrylic resins. The preferred acrylic resin is a 
polymethyl methacrylate polymer (PMMA), although a polyethyl methacrylate polymer 
(PEMA) also can be used. In a preferred formulation the polyvinylidene difluoride Kynar 
720 (Elf Atochem) comprises 55 percent of the formulation. VS-100 acrylic polymer 
(Atohaas) comprises 23 percent, Tinuvin 234 UV Absorber (Ciba-Geigy) comprises 2 
percent, and titanium dioxide and mbced metal oxide pigments comprise 20 percent. 

A concentrate of UV absorber and acrylic resin can be compotmded and added to the 
PVDF/acrylic pellets at the extruder when extrusion coating. Such concentrates also can 
include pigments and other additives combined with the pellets in the extmder. For instance, 
the mixed metal pigments and titanium dioxide pigment are typically predispersed in the 
acrylic resin (VS-100) m pellet form. The individual pigment pellets can be combined with 
the Kynar 720 resin. VS-100 acrylic resin and Tinuvin 234, dry blended, and then 
compounded in a twin screw extruder. Press outs of the colored pellets can be used to check 
color. 
Example 1 



The following formulation of an extmdable clear coat polymeric material was 
20 pelletized, and the pellets were fed to an extruder for extrusion coating the resulting clear 
coat onto the surface of a carrier sheet traveling past the extruder die slot. 







INGREDIENTS 




•••^'■•PARTS'^ 


25 


1 


Kynar 720 

Polyvinylidene fluoride (PVDF) 
Atochem North America, Inc. 


65.0 




2 


Elvacite 2042 

Polyethyl methacrylate (PEMA) 
E.I. DuPont (sold to ICI) 


35.0 


30 


3 


Tinuvin 234 
UV stabilizer 

Hydroxyphenylbenzotriazole 
Ciba-Geigy 


2.0 



In this and other examples. "Parts" identified for each component are on a parts 
per weight basis. 



Kynar 720 is the extrusion grade PVDF corresponding to Kynar 301F that is 
conmionly used in a solvent cast PVDF/acrylic formulation. The Kynar 720 has a melting 
temperature of about 167°C, a Tg of about -38-41 "C, and a melt viscosity at 215°C 
(measured in Pas-sec) at 100,500 and 1,000 1/sec) of 1,153, 470 and 312, respectively. The 
Elvacite 2042 is a polyethyl methacrylate (PEMA), which is compatible with PVDF and is 
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the same acrylic used in the standard solvent cast Avloy* clear coat; this formulation was 
sel«:ted to simulate the formulation of the standard Avloy^clear coat. (Avloy is a trademark 
of Aveiy Denmson Corporation, the assignee of this application.) 

This formulation was compounded twice through a 3.25" Davis Standard single screw 
extruder to obtain uniform blended pellets; however a twin screw is used for pelletizing in 
later examples for better distributive mixing, -^e two resins were dried in a d^er at 130-F 
for four hours before being extruded into pellets, and during the extrusion process a vacuum 
vent m the compression zone of the screw was used to fimher remove moismre and other 
volatile components. The feed into the extruder was starved, and the heating elements or 

^Inl^T"^"^"" """'^ ^'^''P' (3) 430-F. (4) 430»F. (5) 430-F 

(6) 430-F adapter. (7) 430-F die. but the observed values were (1) 416-F (2) 418-F «^ 
4270F. (4)423-F (5)4280F. (6) 424 «F adapter. (7)4290Fdie. il!e screw w2 ^IIL^' 
at 70 ipm usmg 34 amps and a screen pack consisting of two 20-mesh screens in series was 
used to clean up the melt stream. Uns material was pelletized with a 9-10 ft. water bath for 
a mne-second umnersion to cool the exudate prior to pelletization. Press outs were used to 
judge the homogeneity of the pellets. 

This material was extrusion coated onto a two mil high gloss polyester fihn from 
^encan Hoechst designated Grade 2000. (The extruded material had a melt viscosity 
^as.ec) at 100. 500 and 1.000 1/sec of about 752-769, 303-308. and 200. respectively ) 
The polyester earner provides a smooth glossy surface upon which the hot exudate can fo^ 
a thin clear fihn ranging from about 0. 1 mil to about 2-3 mils thick. TTie thickness of the 
resulnng fihns can be adjusted by the extrusion coating line speed and the screw speed of the 
extruder Faster line speeds result in a thimier film, and faster screw speeds result in thicker 
fihns. The polyester carrier also acts as a suppon sheet for the thin clear fihn in subsequent 
operations such as coating and laminations. In this example a 2.5.mch extruder was used 
to extrusion coat a one mil PVDF/acrylic clear topcoat onto a two mil gloss polyester carrier 
Tlie compounded pellets were dried in a desiccator dryer at 130">F for two hours prior to 
bemg fed mto the extruder. The extruder had five heating zones which were set at m 

Zln' ZV' ^ - ^~0;m' 

The matte chill roll was maintained at 75«'F for the entire nm. A nip pressure of 20 lbs and 

no corona treamient was used to enhance the bond between the fihn and the polyester carrier 
tXZfT^) ^'^^^ «^ Produced with a corresponding 

gloss PET with a one mil clear Avloy* topcoat. The extruded Avloy* topcoat, however 
bound to the two mil gloss PET carrier and would not release from the caL 

Usmg the same extrusion coating conditions as above two more rolls were produced 
usmg Hostaphan 1545 silicone coated polyester as its carrier. While extruding the clear coat 
formulation onto the sUiconized PET carrier, the extruded clear fihn wrapped around the 
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Chill roll due to a weak bond between the extraded film and the siliconized polyester. This 
problem was resolved by exchanging the gloss chill roll for a matte chill roll, which has a 
more facile release of the extruded fibn. This roll was subjected to further lab evaluation. 
The reverse side of the clear Avloy® clear coat was embossed by the matte finish from the 
matte chill roll. However, when this roll was coated with a standard solvent based Avloy® 
white color coat, this coated film was dried and was then laminated (rubber roll at 400**F, 
10 ft/min) onto a pruned 19 mil thick gray ABS sheet. When the carrier was removed, the 
laminated sample showed no texture from the matte chill roll. When this sample was 
thermoformed (19 seconds, SSQ^'F surface temperature), texture from the matte roll surface 
was evident. The release of the extruded film from siliconized PET was weak, having a peel 
strength of 10 gm/in. Similar results were obtained when this clear coat formulation was 
extrusion coated onto siliconized release paper, but the extruded fihn replicated the texture 
of the paper stock. 

A roll using the same conditions described above with polypropylene film as a carrier 
was extrusion-coated under the same conditions. The polypropylene carrier distorts when 
the hot extmdate touches its surface, causing wrinkles in the finished film; however, exuiided 
Avloy® clear coat releases easily from the polypropylene carrier. In a later trial when 
polypropylene coated paper was used as the carrier, the hot extrudate did not distort or 
wrinkle the polypropylene coated paper due to the support afforded by the paper stock. The 
Avloy® clear topcoat released easily from this carrier but it revealed texttire transferred from 
the paper stock. 
Example 2 

A comparative evaluation was made between the formulation described in Example 1 
and the following formulation: 



25 



30 





P^TS 


1 


Kymr720 

Polyvinylidene fluoride (PVDF) 
Elf Atochem North America 


70.0 


2 


VSlOO 

Polymethyl methacrylate (PMMA) 
Atohaas 


30.0 


3 


Cyasorb P 2098 
UV stabilizer 

2 hydroxy-4-acrylooxyethoxybeiizophenone 
Cytec 


2.0 



35 The VSlOO is a polymethyl methacrylate (PMMA), known as Plexiglas, which is 

compatible with PVDF and has a temperamre/viscosity profile closely matching the Kynar 
720; this formulation was selected for superior extrusion melt strength. The VS-100 has a 
Tg of about 98-99 °C, and a melt viscosity (measured in Pas -sec) at 100, 500 and 1,000 1/sec 
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V^^'ul^ ^ respectively.' The fonnulation of Example 1 wrapped around the gloss 
chUl roU dunng the extrusion coating process. To prevent this faUure a new formulation was 
developed ^ch would not bmd to the sUiconized PET and would release easDy from a gloss 
chill roll. The tackiness of this formulation was reduced by increasing the Kynar 720 level 
and by mcreasing Tg of the acryUc; the Tg of Elvacite acrylic 2042 and VSlOO acrylic is 
65 C and 100-C, respectively. The Kynar aciyUc ratio was changed from 65/35 to 70/30 
This fonnulation easily released from a siliconized polyester web and a high gloss chill roll' 
and durmg a later trial it released from standard polyester web. 

TUis formulation was compounded using a twin screw extruder manufacmred bv 
Werner Pfleiderer. model 53MM. to obtain uniform blended peUets. THe twin screws were 
co-rotatmg and its configuration was designated Avery Demiison "A." The two resins were 
dned m a dryer at 160»F for four hours before being extruded into peUets. and during the 
extrusion process a vacuum vent in the compression zone of the screw was used to further 
remove moisture and other volatile components. The feed into the extruder was starved and 
the heatmg elements or zones of the extruder were set at: (1) 100»F, (2) 360-F (3)360»F 
(4) 360'F. (5) 360°F, (6) 360-F. (7) 360»F. but the observed values were (1) 108«F 
360J, (3) 374»F. (4) 3660F. (5) 360OF. (6) 355^F, (7) 3580F. THe screw was maintaiiS 
at 66 rpm. The melt temperature of this formulation was maintained at 355«F and a screen 
pack consisting of three different wire meshes: 20. 40. 60. was used to clean the melt 
stream. This material was pelletized. 

The pellets were extrusion coated on a 1.42 mil high gloss siUcone coated PET 
designated Hostaphan 1545. (Ue extruded material had a melt viscosity (Pas-sec) at 100 
500 and 1.000 1/sec of about 803-829. 373-376 and 248-250. respectively.) THe polyester 
earner provides a smooth glossy smface upon which the hot extrudate can form a thin clear 
25 fihn ranging from about 0.1 mil to about 2-3 mUs thick. The thickness of tiie resulting clear 
fihns are adjustable by die extrusion coating line speed and tiie screw speed of tiie extruder 
as descnbed previously. The polyester carrier supports tiie tiiin clear fihn in subscqucnl 
operations such as coating and laminations. In tiiis example a 6.0 mch extruder witii a single 
fli^t screw was used to extrusion coat a one mil PVDF/aciylic clear topcoat onto a 1.42 mil 
30 high gloss sUicone coated polyester carrier. TTie compounded pellets were dried in a 
desiccator dryer at 130»F for two hours prior to being fed into tiie extruder. TTie extruder 
had eleven heating zones set at: (1) 380°F. (2) 370OF. (3) 340''F. (4) 340-F (5) 340»F 
(6) 340«F. (7) flange 340-F. (8) adapter 1 (340-F). (8) adapter 2 (340»F). (9) pipe SSO'f' 
(10) end cap lOO'F. and (11) die 350-365»F; tiie die was a T-slot and had five zones: (1) 
365-. (2) 360-. (3) 350% (4) 360'. and (5) 365». Hie die temperature profile was used to 
mamtam uniform melt flow across tiie die. The screw speed was held at 15 rpm and a line 
speed of 170 ft/min. The high gloss chill roll was maintained at 60»F for tiie entire run 
A harder durometer and smaller diameter nip roU produced die highest nip pressure and tiie 



35 
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1 highest gloss finished film. A 200 mesh welded screen pack was used to clean the melt 
stream. At these settings a clear one mil thick fihn was produced with a corresponding 
weight of 38 gm/n?. The finished film was a high gloss film. No corona treatment was 
used. 

5 Two rolls were produced in the above extrusion coating run; a first roll had a coating 

thickness of one mU, and a second roll had a coating thickness of 0.6-0.7 mil. The material 
was subsequently coated with a solvent based color coat as in HG. 3 using a white lacquer 
comprising 53.6 parts clear vehicle, 12.5 parts cyclohexanone solvent. 33.4 parts exterior 
white pigment and trace amounts of iron yellow, carbon black and iron red pigments. The 

10 oven zones were set at IdO", 240% and SSO'F. The line speed was held at 25 ft/min. The 
applicator roll was held at 35 ft/min, and the metering roll was held at 7 ft/min. Under these 
conditions 45 gna/trp- of dried color coat was deposited onto the one mil PVDF/acrylic 
topcoat. 

This laminate had the foUowing construction: 1.42 mil gloss PET, a nominal one mil 
15 clear PVDF/acrylic topcoat, and a 1.0 mil color coat. This construction was laminated to 
a primed 20 mil gray ABS backing sheet as shown in FIG. 4. 

A size coated ABS sheet can be made by coating the size coat formulation (described 
below) on a polyester carrier as shown in FIG. 2 and then transfer lammating the material 
to an ABS sheet as shown in FIG. 3. For test purposes, Hoechst Celanese 2000, a two mil 
20 gloss PET fihn, was coated by a reverse roll coater widi the size coat material. Under these 
conditions, 6-7 gm/m^ acrylic size coat is deposited on the PET carrier. This material is 
laminated as shown in FIG. 3 to an extraded sheet of General Electric Cycolac LS, a 19 mil 
thick gray ABS sheet. During laminadon, the acrylic size coat is transferred to the ABS 
backing sheet. The size coat formulation is shown below: 
25 SIZE COAT FORMULATION 



30 



INGREDIENTS 


PARTS ? 


1 


Xylene 


61.0 


2 


Acrylic resin 


29.0 


3 


MEK 


10.0 



The acrylic resin was Elvacite 2009 from ICI Acrylics, Inc., Wilmington, Delaware. 
The finished laminate was thermoformed and injection molded as illustrated in FIG. 6. Some 
phase separation was noted after thermoforming, resulting in drop of gloss and DOI for the 
clear coat/color coat. The foil can used as an in-mold foil, without vacuum forming, for 
35 shallow draw parts. 
Example 3 

The following formulation did not exhibit the phase separation problem. An 
extnidable clear coat polymeric material was pelletized, and the pellets were fed to an 
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15 



20 



25 



30 



35 



^trader for extrusion coating the resulting clear coat onto the surface of a carrier sheet 
travehng past the extruder die slot. 







.^::<..--.-r • ■. . • •: v^.'tr- ■ • -i-INGREDIENTS ' 




5 


1 


Polyyinylidene fluoride (PVDF) 
Elf Atochem North America 


60.0 




2 


VSlOO 

Poljmiethyl methaciylate (PMMA) 
Atohaas 


40.0 


10 


3 


Tmuvin 234 
UV stabilizer 

Hydroxyphenylbenzotriazole 
Ciba-C3eigy 


2.0 



se^rati™ ofT V lor Keener extrusion melt strength and to reduce pime 

«pa.«.on of the Kjmr 720 resin. The formulation was compounded using a t«m Lw 
™ (Wem« Pfleiderer. model 53MM) to obtain uniformly ble..,ed peuL 
wasstnular to d^ descnbed in Example 2. except that the two resins we^ dried in a^^r 
at dew pt. atxi I30-F for four hours before being extruded imo pellets, lire screw ™ 
n_d at 63 tpm using 600^0 H.P. and a correspondtag curreM of 54-58 a^ Z 
m^K^cramre of this formulation was maintained at 356=F and screen pack consLng „f 
I^TpeT^.'™"^^ 20. 40.60, was used to Clean up fl,e melt stream. IWs mate^il, 

Hoechs^tf^ "^"^ <«° Sloss polyester fihn. American 

Ho«hst 2000. to fonn a dun clear film ranging from about 0.1 mil to about 2-3 mils thick 
Ohe "ttuoed material had a melt viscosity (Pas^ec) a. 100. 500 and 1.000 I/sec of aboui 
32 fiT^ ; ' 'en.P^'a.ure of about 162-C. and a Tg of about 

™' was used as a suppon for the thin clear fflm in subseqaem 

» extruston coat a one md PVDF/acryUc dear topcoat onto a two ma gloss polyester carrier 
Tl» co^KMnded peUets were dried in a desiccator dryer a. 130-F for Z hours pri^lo 

2, W ' ® =Peed was held a. 60 rpm 

at «) F for die entue run. At ttKse settmgs a clear one mil duck Bhn was produced wid> 
acorrespondmgweightofJSgm/m^. No corona treatment was used. However, wh^! 

^l«r wt ^T ^ e'-rica. Charge left on I 

I '""'P'" '"^^ "to extrusion 

coatmg ntp, dtsmnmg the clear fihn and resuldng in half moon shaped defeats. 
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Two rolls were produced in the above extrusion; one roll had no corona treatment, and 
the other roll was subjected to corona treatment. The film was subsequently coated with a 
solvent based color coat as m FIG. 3. This roll was reverse roll coated using a red color 
coat (see formulation below). During this run, the ambient temperature was 76°F, and the 
relative humidity was 25%. The line speed was held at 15 ft/min. The first oven zone was 
set at 240"? and the second oven zone was set at 250°F. The applicator roU ratio was held 
at 115% of line speed, and the metering roll was held at 20% of line speed. Under these 
conditions 25 gm/nt^ of dried color coat was deposited onto the one mil PVDF/acrylic 
topcoat. 









1 


Clear vehicle for Avloy® color coat 


74.32 


2 


DPP Red BO 460-36351 


li.26 


3 


Magenta D-60 dispersions 


7.47 


4 


93 exterior white 


0.07 


5 


D-60 violet dispersions 


1.88 


6 


Methyl propyl ketone 


2.50 


7 


Cyclohexanone 


2.50 



15 



20 



25 



30 



35 



This construction had the following stracture: two mil gloss PET, one mil clear 
PVDF/acrylic topcoat, and 0.6 mil color coat. This construction was laminated to a primed 
20 mil gray ABS backing sheet (L1826) as shown m FIG. 4. The material was 
thermoformed and injection molded (see FIG. 6). 

These samples exhibited good gloss and a DOI above 60. (DOI is measured dn the 
HunterLab Dorigon D47R-6 instrument.) The foil can also be placed in the injection mold 
without thermofonning and in-mold formed for shallow draw parts as described earlier. For 
deep draw parts the foil is furst laminated to a flexible thermoplastic backing sheet, i.e. vinyl, 
urethane, or nylon. This flexible backing sheet aids in the distensibUity of these foils. Such 
lamination (see FIG. 3) is performed under the lamination conditions described in Example 
2. These laminates can also be injection molded without thermoforming by preheating the 
laminate and using pressure or vacuum to cause the material to take the shape of the mold 
face prior to injection of the molten plastic. The flexible backing is selected for compatibility 
with the injection cladding resin. 
Example 4 

The following formulation of an extradable clear coat polymeric material was 
pelletized, and the pellets were fed to an extruder for extrusion coating the resulting clear 
coat onto the surface of a carrier sheet traveling past the extruder die slot. 
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1 






PARTS 




1 


Kynar720 

Polyvinylidene fluoride (PVDF) 
Elf Atochem North America 


65.0 


5 


2 


VSlOO 

Polymethyl methacrylate (PMMA) 
Atohaas 


35.0 


10 


3 


Tinuvin 234 
UV stabilizer 

Hydroxyphenylbenzoiriazole 
Ciba-Geigy 


2.0 



15 



20 



25 



30 



35 



This formulation was compounded using the twin screw extruder described in 
Examples 2 and 3 to obtain uniformly blended pellets. The twin screws were co-rotating 
Extrusion was similar to that described in Example 2. except that the two resins were dried 
at 130-150'F for 2-3 hours before being extruded into pellets, and the heating elements or 
zones of extruder were observed at (1) 101 °F. (2) 358"F. (3) 339°F, (4) 359»F (5) 359»F 
(6) 361 'F. and (7) 357»F. The screw was maintained at 63 rpm using 700 H P and J 
corresponding current of 68-78 amps. The melt temperamre of this fonnulation was 
mamtamed at 355»F and a screen pack consisting of three different mesh screens- 20 40 
60 was used to clean the melt stream. This material was peUetized. 

This formulation was extrusion coated onto a two mil high gloss American Hoechst 
2000 polyester film. This polyester carrier provides a smooth glossy surface upon which the 
hot exudate formed a thin clear fihn ranging from about 0.1 mil to about 2-3 mils thick. In 
this example a 2.5 inch extruder was used to extrusion coat a one mil PVDF/acryUc clear 
topcoat onto a two mU gloss polyester carrier. TTie compounded pellets were dried in a 
desiccator diyer and extruded under heat and at a speed simUar to the conditions described 
m Example 3. The high gloss chill roll was maintained at 60 °F for the entire run. At these 
settings a clear one mil thick fihn was produced with a corresponding weight of 38 gm/m^ 
No corona treatment was used. When a higher corona treatment was used on the polyester 
web prior to reaching the extrusion coating nip, half moon defects were noted in the clear 
one mil fihn. The electrical charge left on the polyester web from the corona treatment did 
not dissipate before reaching the extrusion coating nip. distortmg the clear fdm and resulting 
in half moon shaped defects. 

Two roUs were produced in the above lab extrusion; one roll had no corona tieatmem 
and the other roll was subjected to corona treamient. The fihn was subsequendy coated with 
a solvem based black Avloy« color coat (using a Bird bar) and was dien dried. The solvent 
based black color coat had the following formulation: 
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^.• s "Ingredients:..- • 


PARTS 


1 


N-methyl pyroUidone 


38.00 


2 


Hvacite 2042 


4.06 


3 


Kynar 10052 


12.00 



The resins are dissolved in the solvent under heat at ISO^F. The following pigment 
dispersion is then added: 



• • .-JNGREDIENIS - ■^■^r . '-V; •>-.v' 


PARTS 


1 


Black dispersion - GCW #428-A056 


20.00 


2 


N-methyl pyrrolidone 


25.40 


3 


Exterior white 


0.54 



The resulting foil was laminated to an acrylic primed 30 mil black ABS sheet with a 
rubber roll held at 400°F and a speed of 14 ft/min. The resulting laminate was draped in 
the thermofonner for 29 seconds, and the laminate sheet reached a surface temperature of 
340**F. This draped sample was compared with a similarly prepared sample (from Example 
3) to determine relative levels of hazing. The black Avloy® prepared from the film in 
Example 3 showed the least amount of hazing, and the black Avloy® laminate prepared from 
the fihn of Example 4 showed the most hazing. No further evaluation was done; Example 
3 was deemed superior because the higher acrylic content in these formulae is Ijelieved to 
retard phase separation. 
Example 5 

A comparative evaluation was made between the formulation in Example 2 and the 
following formulation: 



30 



^yy' ; .i/. v INCJREDIENTS - 


iPARTS 


1 


Kynar 2850 

Polyvinylidene difluoride (PVDF) 
Elf Atochem North America 


60.0 


2 


VSlOO 

Polymethyl methacrylate (PMMA) 
Rohm and Haas 


40.0 


3 


Tinuvin 234 
UV stabilizer 
Ciba-Geigy 


2.0 



35 Kynar 2850 is the extrusion grade PVDF copolymer. The Kynar 2850 has a melting 

temperature of about 155 "C, a Tg of about -35 to -40'*C, and a melt viscosity (measured in 
Pas-sec) at 100, 500 and 1,000 1/sec of 1,170-1,273, 494-508 and 326-330, respectively. 
The PMMA is compatible with the PVDF and its temperature/viscosity profile closely 
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inatchcs the Kynar 2850. This fonnulation was selected for better resistance to phase 
separation which can result in haze on the finished part. 

More specifically, the recrystaUization process of Kynar resin is the principal drivmg 

IT ^^.T "^^^^S P°^^ °^ homopolymer Kynar 

/zu^ lm-l65-170»C. is higher than the meltmg point of the copolymer Kynar 2850 
Tm-155.160«C. This melting point difference Ulustrates the higher crystallity of the 
homopolymer over the copolymer. Such a melting point difference can be explamed by the 
relative structural differences of these polymers. The PVDF homopolymer is a linear 
polymer m which the molecules can easUy align themselves in paraUel fashion to form a 
crystal, such as. polyediylene; whereas the random copolymer of PVDF and 
hexafluor^ropylene camiot form a similar linear stmcmre. since these Imear chains have 
pendent-CF3. trifluoromethyl groups which partially block the aligmnent of these chains 
Hence recrystaUization of the Kynar resm in the fmished PVDF/acryiic fihn resulted in more 
haze m the finished part. Kynar 2850 has less tendency than Kynar 720 to crystallize and 
produced a clearer PVDF/aciylic fihn upon heat against at 180°F for three days 
^ The formulation was compounded usmg a twm screw extruder to obtain uniform 
blended peUets. The two resms were dried before being extruded into pellets. During the 
extrusion process a vacumn vent in the compression zone of the screw was used to further 
remove moismre and other volatile components. The heatmg elements or zones of extruder 
r^!xf'U' ^^^'P' 385-F. (6) 385-F and (7) 

385 F. The screw was maintained at 70 rpm. The melt temperature of this formulation was 
mamtamed at 380»F and a screen pack consisting of three different wire meshes (20. 40 and 
60) was used to clean the melt stream. This material was pelletized. 

The above fornmlation was exmision coated on two mil high gloss Hostaphan 2000 
polyester carrier fihn which provides a smooth glossy surface upon which the hot extrudate 
can form a thm clear fihn ranging from 0.1 mU to 2 mils thick. (The extruded material had 
a melt viscosity (Pas-sec) at 100, 500 and 1.000 1/sec of about 888. 405 and 266 
respectively; a melting temperature of about 147-C. and a Tg of about 23.33»C ) The 
thickness of the resulting fihns can be altered by the extrusion coating line speed and the 
screw speed of the extruder as illustrated in HG. 1. WhUe faster line speeds result in a 
thmner fihn. faster screw speeds resuU in thicker fihns. The polyester fihn also acts as a 
«rner to support the thm clear fihn in subsequent operations of coating and lamination In 
this example a 1.75 inch lab extmder was used to extrusion coat a one mil PVDF 
copolymer/aciyUc clear topcoat onto a two mil high gloss polyester carrier 

The compounded peUets were dried in a desiccator dryer at 150-F for two hours prior 
to temg fed into the extruder. The extmder had ten heatmg zones which were set at (1) 
!20-P S IZl' ^l^'^F/clamp. (6) 420«'F/tube. (7) 420''F. (8) 

420 F. (9) 420-'F and (10) 406«'F/die; die die was coat hanger and the melt was maintaLied 
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1 at 434^F. The screw speed was held at 166 rpm with a corresponding line speed of 150 
ft/min. The high gloss chill setting was maintained at 70**F for the entire nin. A welded 
screen pack was used to clean the melt stream. At these settmgs a one mil clear coat was 
produced with a corresponding weight of 38 gm/m^. The finished fihn was high gloss, but 

5 had some microgels and some small contaminants were observed. The defects were not 
objectionable in finished parts. No corona treatment was used. 

One roU of the formulation produced in the above production extrusion coating run 
was coated in the lab with a teal metallic Avloy® color coat. This material was laminated 
to primed ABS. The resulting laminate was thermoformed, die cut, and injection clad to 

10 yield a finished part. 
Example 6 

This example illustrates the extrusion coating of a non-PVDF/aciylic formulation, in 
this case a thennoplastic aUphatic urethane from Morton (PN-3429). Such topcoats can be 
used as an exterior clear coat in some exterior automotive applications or for interior 
15 automotive applications such as an interior clear coat for TC lammates. 

Morton PN3429 pellets were dried for four hours at 130**F. These dried pellets were 
extrusion coated usmg a pilot line extrude with a 2.5 inch smgle screw. AH heating zones 
firom feed to die were held at 325^F. The chUl roU was set at 80**F and at a nip pressure 
of 20 lbs. This material was extrusion coated onto a 2 mil gloss polyester carrier 
(Hosthaphan 2000) at a screw speed of 50 rpm and a line settmg of 3. Or Under these 
conditions, a 2.0 mil clear coat was coated on the polyester carrier. Increasing the line 
setting resulted in the deposition of a one mil clear coat on the polyester carrier. 
Example 7 

The purpose of ttiis trial is to make a coextmsion sheet for a base coat/clear coat paint 

25 fihn. 

Currently a single layer ABS sheet, .020" to .030", is sized for adhesion by transfer 
laminating either at the extruder or at a separate operation with an acrylic layer (Elvacite 
2009) that has been solvent cast onto a polyester carrier. The polyester carrier is removed 
and discarded by coextruding this acrylic layer with the ABS. The need to cast the acrylic 

30 to a polyester carrier film on a reverse roll coater and subsequently transfer laminate it to 
ABS is eliminated, thereby simplifymg the manufacmre of the finished product. 

This example illustrated an alternative method of producing a primed ABS sheet which 
can be laminated with a base coat/clear coat foil to produce a laminate product. This primed 
ABS^ sheet has been produced by the coextrusion of a composite acrylic/ABS sheet on a thick 

35 fihn line. This coextrusion eluninated the need to solvent cast the acrylic size coat onto a 
polyester carrier using a reverse roll coater and subsequently laminating this foil to ABS, 
Such a coextrusion elimmated two operations in the manufacturing process of laminated 
sheet; one coating and one lamination operation. Eliminating these operations can increase 

.29- 



20 



wo 96/40480 



10 



15 



20 



25 



30 



PCT/US96/09893 



both the laminating and coating capacity of a plant, and lower the cost and time required to 
produce the laminate. icyuirea to 

sheet a"*"^ to coextrude a composite acrylic/ABS 

sheet. B^trude A was fed acrylic resin and not vented; whereas, extruder B was fed ABS 
resms and was vented to further remove water ant other volative gases. Both the aciyUc 
resm and the ABS resin require drying of excessive moisture before extruding m t 
accomphshed by drying the resin in a desiccant dryer for at least two hours at ISO'F for the 

"^^^ -''^^ — con^t^ 

prevent problems wxth extrusion. Typically it is run with moisture contem between .02% 
to .04% during extrusion. 

Dried resin pellets of each malerial ae fed into the hoppers on the top of each 
exo^ier ™ vac^m, tubes. Ftom the hoppc the pellets are gravity fed into the f«d section 
ofthe«tnKiers'bar«l. » is screw fed through the barrel and heated to a molten state T 
^ m each e^ruder are fed through fheir respecUve batrel sections to a s^e f^ 

a ^ „ ? T '^'^ ^ sheet exits U« die and runs Lu^ 

a thr^ roU «lendanng (polishtag) stack which polishes both sides of the sheet. As the 2 

fta t::; dSLTofTtT'"" -^'^"■^ ^^^^ ^ ^ 
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resin thmnah .t,. \ J v ^«»peraiures was to improve movement of molten 

^in through the extruder by mcreasing melt temperamre to reduce the molten viscosity. 
Other operatmg conditions were as follows: 
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Die Temp. 


440**? all zones 


Melt Temp. 


408 


Line 5?rieerf 


39.8 n/min 




24:1 


Screw T^Yt "R T roftr* 


32:1 


owl ecu paciw AL orcajCci pl3C6 


A = 2,40 mesh screens 

B = 3 @ 20, 40 & 60 mesh screens • 


Polished roll temperature 


START 


END 


TOP 


170 


170 


MIDDLE 


150 


150 


BOTTOM 


145 


180 



The reason for change in the middle and bottom from start to end was to set the sheet 
15 in calendar stack. Extruder "A" was not vented - "B" was vented for moisture and gas 
removal. 



20 



25 









Screw speed (rpm) A 


8.4 


6.5 


B 


64.2 


7.5 


Back pressure (psi) A 


3,010 


2.920 


B 


4,240 


4,390 


Coextruder thickness (mil) 






A layer 


2.5 . 


1.5 


B layer 


27.5 


28.5 



Two base coat/dear coat films (mid-gloss black and emerald green) were fed into the 
calendaring stack and laminated to the acrylic side of the coextrusion. The carrier was then 
removed. This combines the coextrusion of the sized backing sheet with the lamination of 
base coat/clear coat foil so the resulting laminate is ready to be thermoformed prior to 
subsequent molding of exterior automotive parts. 
Example g 

The following formulation of an extrudable color coat material was pelletized, and the 
pellets were fed into an extruder in an extrusion coating station. The extruded color coat was 
deposited on the extrusion coated web passing below extrader die slot. 
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■ ••■■■ > • • . INGREDIENTS'^ 


PARTS 


1 


Kynar720 

Polyvinylidene fluoride 
Atochem 


48.0 


2 


Jet Black No. 1 

Copper chromate black spinel 

The Shepherd Color Company 


20.0 


3 


VSlOO 

Polymethyl methacrylate (PMMA) 
Atohaas 


32.0 



This formulation was compounded using the Werner Pfleiderer Model 53MM twin 
screw extruder to obtain a uniform blend. The two resins were dried in a desiccator hopper 
with a 0»F dew point at 150»F for eight hours before being extruded into pellets. During 
the extrusion process the vacuum vent in the compression zone of the screw was lised to 
further remove moisttire and volatile components. The dried resins of the color coat were 
fed mto the extruder. The seven heating zones of the extruder were set: (1) 100»F 
370-F. (3) 370-F. (4) 370»F. (5) 370»F. (6) 370<>F. (7) 370»F. TTie screw was maintained 
at 64 rpm using 600^70 H.P. and a corresponding current of 54-59 amps. The mek 
temperamre at the die was maintained for 367»F. and a screen pack consisting of three 
different wire meshes; 20. 40. 60 was used to clean the melt stream. The material was 
pelletized. Press outs were used to monitor the uniformity of the blend. 

The above formulation was extrusion coated onto an extrusion clear topcoated web to 
form a one mil color coat on the clear topcoat widi a corresponding weight of 44 gm/n^ 
The peUets were dried m a desiccator dryer at O'F dew point. 150»F for eight hours prior 
to extrusion coating the color coat. The 2.5 inch extmder was held at 60 rpm and the five 
heatmg zones were set at: (1) 390»F. (2) 400»F, (3) 410»F. (4) 420°F. (5) 420»F This 
roll was laminated to 30 mil primed black ABS on the Acromark (400°F, 2X, 8 ft/min)- it 
was also laminated to primed gray ABS to check for opacity. Both laminates were 
thermoformed. 

Hie previous description related to use of the invention in producing exterior and 
mtenor automotive body panels. The following description relates to applications of the 
mvention to the manufacture of outdoor siding panels. 

HG. 2 schematically illustrates one embodiment of the invention in which the clear 
coat fihn is extrusion coated onto a flexible carrier sheet comprising a 0.60 mil thick high 
gloss polyester fihn such as that sold under the designation Skyrol SM30 polyester fihn by 
SKC America Inc. The carrier sheet is release coated with a matte release coat as described* 
below. 

The clear coat preferably comprises a solid polymeric material that can be extruded 
as a ttansparent fihn. The polymeric material can comprise various acrylics, urethanes. 
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vinyls, fluoropolymers, and blends thereof Polyvinylidene fluoride (PVDF) and polyvinyl 
fluoride (PVF) are preferred fiuoropolymers. A presendy preferred extnidable polymeric 
material comprises a blend of PVDF and acrylic resins. The preferred aciylic resin is a 
polymethyl methaciylate polymer (PMMA), although a polyethyl mcthacrylate polymer 
(PEMA) also can be used. In a presently preferred formulation, the clear coat material 
comprises from approximately 50 to 75 percent PVDF and from approxiinately 25 to 50 
percent acrylic resin, by weight of the total solids present in the PVDF/acrylic formulation. 
These solids ranges are based on the relative proportions of the PVDF and acrylic 
components only in the clear coat formulation. Odier minor amounts of solids such as UV 
stabilizers, pigments, and fillers also may be contained in the clear coat formulation. 

In one embodiment the dry fihn thickness of the topcoat is approximately O.X to 1.5 
mils. The preferred topcoat formulation produces a dry film form exterior weatherable 
coating having desired properties of hardness and abrasion resistance, along with 
weatherability properties such as UV resistance and resistance to water and humidity 
exposure. The topcoat formulation also enhances having transferred to it a low gloss surface 
from a matte release coat described below. In one embodiment, the topcoat is formulated 
from a thermoplastic synthetic resinous coating which, m dry fihn form, softens and deforms 
under elevated temperamres so that three-dimensional impressions can be formed in its 
exterior surface during the embossing step, while replicating the micro-roughness from the 
matte release coat to produce the low gloss surface. 

The clear coat polymer blend is preformed as an extrudable material in pellet form, 
fed from a hopper to an extruder having an extmder die above the surface of the carrier 
sheet. The carrier sheet is provided as a supply roll and is unwound and travels at a high 
line speed past the extruder. In one embodiment, line speed exceeds 200 feet per minute. 
The die extrudes a coating of the melted polymeric material through a narrow slot that 
uniformly coats the carrier sheet which is continuously moving at high speed past the 
extmder die slot. The entire thickness of the coating is immediately cooled thereafter, as 
described below. The extrasion carrier is wound as a take-up roll. 

Referring to FIG. 2, the supply roll of the carrier fihn is shown with the carrier sheet 
passing around a series of rolls prior to applying a release coat to the surface of the carrier 
by a conventional gravure cylinder. The release coat is preferably a thermosetting resinous 
material which, when exposed to heat for drying it, also crosslinks and permanently bonds 
as a surface film adhered to the carrier sheet. The solids contained in the matte release coat 
preferably include, as a principal component, one or more crosslinking agents to provide 
good adhesion of the dried crosslinked coating to the polyester carrier film. In one 
embodiment, the matte release coat formulation includes a primary crosslinking resin such 
as a vinyl resin that bonds to the polyester fihn. A suitable vinyl resin is a mediimi 
molecular weight vinylchloride-vinylacetate resin known at VAGH, described m more detail 
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1 m Bcample 8 below. This vinyl resin can be present in an amount up to approximately 20% 
of the total solids in the matte release coat. In addition, the matte release coat can include 
a secondary crosslinking resin to improve release of the clear coat from the matte release 
coat. In one embodiment, the secondary crosslinking resin can be an acrylic modified alkyd 

resin^uch as the resin known as I^d 13-1245 also described in more detaUm 
8. This secondary crosslinking resin comprises from about 5% to about 20% of the total 
solids of the matte release coat. The matte release coat further includes a suitable catalyst 
for accelerating the crosslinking process, typically comprising from about 1% to 4% of L 
total sohds m the matte release coat. 
10 The resinous components of the matte release coat composition are mixed with suitable 

solveitts. In one embodiment, the resins are mixed with a primary resin solvent such as 
mtm isobutyl ketone (MIBK) which comprises about 65% to about 85% of the total solvent 
m the formulauon. A secondary resin solvent such as isopropyl alcohol (IPOH) is useful in 
15 of the resins in solution. The secondary resin solvent comprises from 

15 about 5% to about 20% of the total of solvent. 

The matte release coat formulation is prepared by dissolving the primary crosslinking 
resm m Ae pnmary and secondary resin solvents by mixing and then adding the secondary 
crosslmkmg resm. together with a primary matting agent, preferably in the form of a fiUer 
compnsmg a fine particulate inert inorganic material. In one embodiment, the filler 
20 comprises aluminmn siUcate with an average particle size of about 4.8 microns. THe filler 
contamed m the formulation comprises up to about 25% of the total soUds in the matte 
rele^e coat. The fine particulate filler is thoroughly dispersed in the resin and resin solvent 
blend, preferably under elevated temperamres from about 100°F to 120«F 

In use. When the matte release layer dries and crosslinks, it forms a chemical matte 
15 coatmg on the surface of the carrier sheet. The matte surface is controlled by the amount 
and particle size of the fiUer. The fine particles project through the dried exterior surface 
of the m^ release coat to form, on a microscopic scale, a surface with micro-roughness 
that transfers to the surface of the dried topcoat a replicated micro-roughness that produces 
hght scattering, resulting in a low surface gloss on the topcoat. 
50 The matte release coat formulation also includes a release agent to enhance freely 

re^easmg the carrier and its matte release coat from the topcoat during the transfer process 
The release agent preferably includes a wax component such as a polyethylene wax which 
melts at elevated temperanire to aUow easy hot release of the release coat lUe wax 
component is normaUy suspended in the matte release coat at temperatures below the 
temperanire where the polyethylene wax will start to sweU or dissolve in the solvent blend 
A significant viscosity increase can be observed above PO'F indicatmg swelling and or partial 
dissolvmg of the polyethylene wax. The wax component, in its suspended or particulate 
fonn. acts as a matte agent to enhance transfer of the low surface gloss to the clear coat 
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1 The temperature of the extrusion at the transfer-embossing point of the process heats the 
laminate (including the release coat) to melt the wax sufficiently for it to enhance the release 
properties of the matte release coat. Preferably, the melting point of the wax is below the 
temperature at which the release-coated carrier is stripped from the laminate. In a preferred 

5 polyethylene wax known as Shamrock S-381-N1 (described in Example 8 below), the melting 
point of the wax is about 206"F. Stripping of the release-coated carrier can be carried out 
at lower temperatures but at about 80°F to 140°F above the melt point of the wax, the wax 
fiirther enhances release. 

The wax, which melts at relatively higher temperamres as it dries, can have a 

10 crystaUine or semi-ciystalline stnicmre, and at relatively lower temperatures is believed to 
crystallize and reform particles which affect the matte transferred to the laminate. In one 
preferred form of the release coat formulation, the polyethylene wax comprises from 12% 
to approximately 25% of the solids contained in the matte release coat. 

The release agent contained in the matte release coat fonnulation fiirther includes a 

15 silicone resin component which combines with the polyethylene wax to enhance free release 
of the clear coat from the matte release coat at elevated temperatures. In one embodiment, 
the silicone resm comprises from approximately 2.5% to 25% of the solids contained in the 
matte release coat formulation. Release is improved and the lower gloss is transferred when 
the wax and silicone resin are used in combination in the matte release coat. 

2^ FIG- 17 is a schematic diagram illustrating successive steps used in one embodiment 

to apply multiple coatings to the extruded PVDF/acrylic transparent fihn to produce a 
decorative foil having a wood grain appearance. In the illustrated process there arc two 
wood grain print stages 250 and 252, followed by two continuous color coat stages 254 and 
256 and a continuous size coat stage 258. 

25 The wood grain print coats can be formulated from a thermoplastic synthetic resinous 

coating composition containing an acrylic resin, such as polymethyl methacrylate or polyethyl 
methaciylate, or mixtures thereof, including methacrylate copolymer resins and minor 
amotmts of other co-monomers; or the print coats can be made from a fluoropolymer resin, 
such as polyvinylidene fluoride (PVDF) or polyvinyl fluoride (PVF); or the print coats can 

30 be formulated of blends of fluoropolymer and acrylic resins. The level of pigmentation in 
the coating can range up to about 40% by volume on a solids basis, depending upon the 
depth of color needed for the particular wood grain pattern being printed. However, less 
than about 10% pigment by volume is preferred. The dry coat weight of the wood grain 
print coats ranges from about 0.1 to about 2.0 eai/m\ Example 8 below describes in more 

35 detail the pigments that can be used in the wood grain printing inks. 

Referring again to FIG. 17, the foil containing the dried wood grain print coats passes 
from the second drying oven 252 to a gravure print station where a first color coat is coated 
on the finished, dried second grain wood grain print coat. After first color coat is dried a 
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second color coat is applied in the fourth gravure station 256. The color coat is then passed 
through an impinging air oven operated at a temperature of about 225°F for drying the 
second color coat. The foU containing the color coats next passes from the fourth drying 
oven 256 to a gravure print station where a size coat is coated on the dried color coat The 
si2« coat IS then passed through an hnpinging air oven 258 operated at a temperature of about 
225 F for drying the size coat. The size coat is applied using a gravure cylinder and can 
contam pigment up to about 25% pigment by volume, although less than 10% by volume is 
preferred. The dried coat weight of the size coat ranges from about 1 to 3 gr/m2 

The size coat comprises any of various suitable coating compositions to provide 
adhesion of the decorative foD to the extruded sheet during the transfer step carried out later 
durmg the process. The size coat preferably comprises a suitable thermoplastic resinous 
material such as an acrylic resin. In one embodiment, the size coat comprises a polymediyl 
metibacrylate or polyethyl methacrylate-comainmg resin. Such a size coat formulation is 
sufficient for providing a good bond to an extrusion made from a PVC resin 

In certain instances in which a backing sheet may be made from a thermoplastic olefin 
such as polypropylene or polyethylene, a different size coat can be used. In this instance 
the size coat is preferably made from a coating composition of a solution of thermoplastic 
cMormated polyolefm (CPO). A preferred CPO size coat preferably is a chlorinated 
polypropylene or chlorinated polyethylene, in which the coating composition contains about 
10% to about 60% by weight of CPO. and correspondingly, about 50% to about 90% by 
weight solvent. 

FoUowing drying of the size coat, the foil exits the drying oven 258 and is passed 
trough a tension control system prior to being wound on a supply roll 260. TTie completed 
foU IS then removed from the second coating system and installed at the unwind station of 
the extruder-laminator shown in FIG. 18. The completed foil is iUustrated in cross-section 
in FIG. 19. 

Referring to HG. 18. during the transfer embossing step, the wood grain printed 
transfer foil 262 is fed to the nip of an embossing roll 264 so that the carrier film is in 
pressure contact with the metal embossing roller and the size coat on the foil is in pressure 
30 contact with the extruded plastic film 266. Hxe embossing roU 264 hm,rints a 

three-dunensional pattern of impressions in the outer surface of the topcoat. Embossing is 
optional smce a panel may be made without embossments for producing an otherwise desired 
surface fmish< Embossmg is done through the depth of die carrier fihn. Since embossing 
is earned out when the extruded sheet is at a temperature below, but reasonably close to its 
extrusion die exit temperature, the extrusion is sufficiendy pliable to faciUtate embossmg 
deep three-dmiensional impressions (up to an average depth of about 120 microns) through 
the earner fihn and mto the depth of the topcoat on the smface of the extruded sheet The 
earner fihn is sufficiently thm (about 0.48 to about 0.75 mil) to cause the metal embossing 
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1 roller pattern to be physically transferred through the carrier fihn to the topcoat, while stUl 
maintaining a carrier fihn strength sufficient to be hot stripped from the embossed topcoat 
at a stripping station 267 downstream from the embossing station. 

When the decorative foil is pressed into contact with the extruded sheet, the extrusion 

5 temperature is also sufficiently elevated to bond the foU to the extruded sheet. The polyester 
carrier sheet has a heat resistance well above the extrasion die exit temperature, so the 
carrier resists elongation or deformation during the transfer and embossing step. 

Followmg the embossing and transfer step, the flexible, laminated embossed extruded 
film 268 undergoes controlled cooling from the nip of the embossmg roll to the point where 

10 the carrier is stripped fiom the laminate. A series of water-cooled chiU rollers 270 produce 
a controUed temperature reduction in the laminate. The laminate is cooled to a temperature 
in the range from about 295''F to about 340»F occurring at the point where the carrier fUm 
is stripped from the laminate: The preferred stripping temperature is about 310'F. Cooling 
to the lower temperature also sets the impressions embossed in the laminate. If the 

15 temperatore stays too high, flowabUity of the laminate can cause the unpressions to smooth 
out. The temperamre drop also enhances freely removing the carrier from the laminate. 

The matte release coat, which has been crosslinted and permanently bonded to the 
carrier sheet, remains adhered to the carrier fihn during the stripping process. The matte 

release coat has a chemical matte outer surface with a micro-roughness which transfers a low 
20 gloss surface to the topcoat. The micro-roughness of the matte coat is replicated to transfer 
a sufficiendy low gloss to resemble the appearance of natural wood grain. However, other 
gloss levels also can be produced. The formulation of the matte release coat provides a 
combmation of the desired low gloss surface, togedier with a smooth or free release of the 
carrier sheet from the replicated low gloss surface at elevated stripping temperattn-es. . 
2^ Following stripping of the carrier sheet, the decorated, embossed sheet passes from 

the coolmg rolls to a forming station using forming dies to shape the edges of the sheet and 
punch mounting holes at desued intervals. Further cooling occurs between sttipping of the 
carrier and the formmg station. The formed sheet is then passed to cutting station for cutting 
the sheet into separate panels. A fmished panel is illustrated schematically in FIG. 20. 

One embodhnent of this invention comprises a process for making solid color siding 
panels. FIG. 12 schematically illustrates initial steps in this embodiment of the invention in 
which a clear coat/color coat coextrusion is exttusion coated from the extrusion die 192 onto 
the thermoplastic substrate 184. The substrate in this embodhnent is preferably a 
thermoplastic material 4 to 40 mils thick. The substrate can be an extraded rigid pigmented 
35 PVC compound with a thm coextruded acrylic tie layer exttusion as a coexttiision from the 
extruder die 176. The substrate polymer compound is preformed as an exttudable material 
m pellet or dry flowable powder form from the hopper into the extruder to the feed block 
and die. The coextrusion die is adjacent to the calendar stack of three temperatore conttoUed 
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1 roUs 178. 180 and 182. The tie coat is prefonned as an extradable material in pellet fonn 
fed from the hopper into a second extruder to the same feed block or die as the substrate 
polymer. The coextrusion is typically fed horizontally into a set opening between the top and 
middle roUs of the three roll calendar stack. The top roll 178 is used for metering and the 
5 middle roll 180 is set at line speed to support the substrate while it starts to solidily. The 
bottom roll 182 is used to smooth the top surface of the tie coat and to finish cooling die 
substrate for proper handling. 

The weatherable solid color PVC cap stock made as described above is preferably 
about six mils in thickness and is pigmented to supply a suitable background color to die 
10 weatherable extrusion coats extruded from the die 192. 

The clear coat preferably comprises a soUd polymeric material that can be extruded 
as a transparent fihn. and polyvinylidene fluoride (PVDF) and polyvinyl fluoride (PVF) are 
the preferred fluoropolymers. A presenfly preferred extrudable polymeric material for this 
application comprises a blend of PVDF and acrylic resins. The preferred aciyUc resin is a 
polymethyl methacrylate polymer (PMMA), aldiough a polyethyl methacrylate polymer 
(PEMA) also can be used. In a presenfly preferred formulation the clear coat material 
comprises approximately 50 to 75 percent by weight PVDF and from approximately 25 to 
50 percent acrylic resin, by weight of the total resin solids present in the PVDF/aciyUc 
formulation. These solids ranges are based on the relative proportions of the PVDF and 
acrylic components only in the clear coat formulation. Other minor amounts of solids such 
as UV stabilizers, pigments, and fillers also may be contained in the clear coat formulation. 

The color coat may comprise the same resinous materials as the clear coat and to 
which pigments have added. The level of pigmentation in the color coat is typically 10 to 
20 percent of total compound weight, but in some cases can be higher. Other minor amounts 
of solids such as UV stabilizers and ffllers can be included. Mcced metal oxide pigments are 
die preferred pigments because of their excellent heat and light stability and the availability 
of an IR-reflective black pigment which minimizes heat build-up in the wood grain decorated 
vinyl siding panel. 

The color coat and clear coat are preformed as an extrudable material in pellet form 
fed from the hopper 186 to the extruder 187 and from the hopper 188 to the extruder 189, 
respectively. Extmded clear coat and extruded color coat aire individually fed into the feed 
block 190 and then the partitioned melt is extruded from the die 192 onto the surface of die 
extruded substrate where diey form individual layers. The color coat is in contact with the 
tie layer on the substrate and the clear layer provides an exterior protective coat for the color 
coat. In one embodiment, line speed exceeds 200 feet per minute. The die 192 extrudes the 
polymeric material to form a diin coating of the two liquid layers that uniformly coats the 
tie coat surface of die substrate. The clear coat thickness can range from 0. 1 mil to 2.0 mils 
and the color coat thickness can be 0.3 to 2.0 mils. The preferred thickness is 0.6 mil for 



20 



25 



30 



35 



-38- 



PCT/US96/09893 

1 the color coat and 0.4 mil for the clear coat. Extnision temperature is in excess of 350»F 
and in some instances can approach 475»F. The entire thickness of the coated substrate is 
cooled immediately whHe in contact with the chill roll 196. The extruded substrate is wound 
as the take-up roU 204. (In this instance, the high gloss carrier 200. referred to earUer in 

5 the process described in FIG. 12, is not used to control gloss.) 

The rigid PVC substrate with the weatherable solid color finish is next installed at the 
unwind station 262 of the extruder-laminator shown in HG. 18. Referring again to FIG. 18, 
during the lamination embossing step, the weatherable soUd color substrate is fed intd the nip 
of the embossing roll 264 so that the weatherable finish is in pressure contact with the metal 

10 embossing roU and the substrate contacts the molten PVC extrusion. The embossing roll 
imprints a three-dimensional pattern of impressions in the outer surface of the topcoat. 
Embossing is done m contact with the weatherable top cap and relies on heat from the molten 
PVC to supply the heat for embossing the impressions. If necessary, the weatherable 
finished substrate can be preheated with IR heaters or a heated roU to allow the weatherable 

15 solid color finished substrate to accept the imprint from the embossing roll. When exiting 
the embossmg nip the substrate of the weatherable top cap is permanently fused to the 
extruded PVC material. In this embodiment no carrier sheet is used and the surface 
properties of Ae finished panel are controlled by the embossmg process. After embossing, 
the weatherable solid color siding material proceeds to fonning dies where the siding ii 

20 formed by shaping the edges, the siding is chiUed in a water bath, mounting holes are 
punched, and the siding panel is cut to the desired size. As an alternative, and as mentioned 
previously, the extrasion coated vinyl siding panels can be made without adding the 
embossments. 
Example 9 

25 A matte release coat was formulated as follows: 
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'^"^ ' " • ^ ■ COMPONENT • 


Iparts 




mposttion 1 




jviemyi isobutyl ketone (MIBK) 


30.50 




isopropyl alcohol 


5.40 




VAUH 


5.30 




AJ>1'400P 


52.60 




Lankyd 13-1245 


6.20 


Co 


mposition 2 






Methyl isobutyl ketone (MIBK) 


56.70 




Isopropyl alcohol 


9.00 




VAGH 


15,10. 




Lankyd 13-1245 


19.20 


Re] 


ease Coat 






Composition 1 


39.99 




Composition 2 


20.60 




SR107 


2.09 




S381-N1 


9.70 




MIBK IPOH blend (85/15) 


17.39 




Cycat4040 


4.07 




Cymel 303 


6.16 



The components of these fonnulations are described in more detaU in U.S. Patent No. 
5,203,941, which is incorporated herem by reference. 

Composition 1 was produced by dissolving the VAGH resin in an MIBK and IPOH 
blend by mixing with a Cowles mixer and then adding the Lankyd 13-1245 and ASP400P 
while mixing. This mixture was then sandmiUed at a tempeiamre of about 1 10»F to disperse 
the ASP400P. The release coat was prepared by blending compositions 1 and 2 and then 
addmg the remaining components in order while mixing at 1,000 rpm with a Cowles mixer 
Care must be taken to avoid heating the release coat to greater than 90»F to avoid swelling 
and/or partially dissolving the Shamrock 381-Nl wax. It is recommended that the catalyzed 
release coat be used within 24 hours at normal process conditions. 

An extrusion PVDF/acrylic was compounded from the following components: 
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-vrGOMPONENTS:.' 




Extrasion Coating Kynar 720 


68.4 


VSlOO 


29.6 


Cyasorb 2098 


2.0 




100.0 



This extrasion coating foimulation was compounded using the twin screw Werner 
Pfleiderer Model 53MM extruder to obtain pellets of uniform blend. The twin screws were 
co-rotating and its configuration was designated Avery Dennison "A." The two resins were 
dried in a diyer at 160*'F for four hours before being extruded into pellets. During the 
extrusion process the vacuum vent in the compression zone of the screw was used to further 
remove moisture and other volatile components. The feed into the extrader was starved, and 
the heatmg elements or zones of extruder were set at (1) lOO'F, (2) 360"?, (3) 360°?, (4) 
360"F (5) 360"F (6) 360»F (7) SeO^F but the observed values were (1) 108°F, (2) 360"'F. 
(3) 374*'F. (4) 366»F, (5) 360»F, (6) 355''F. (7) SSS'F. The screw was maintained at 66 
ipm using 680 H.P. and a correspondmg current of 52-54 amps. The melt temperature of 
this formulation was maintamed at 355*F and a screen pack consisting of three different wire 
meshes: 20, 40 and 60 was used to clean the melt stream. This material was pelletized. 

A clear ink and color coat vehicle was prepared from the following formulation: 
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■ COMPONENTS 


1 FARTS 


Ink vehicle 




Methyl&hyl ketone 


41.54 




Methlypropyl ketone 


41.53 




Kynar 7201 (SL) 


12.45 




Elvacite 2010 


4.15 




Tinuvin 234 


0.33 


Grain ink 1 






Ink vehicle 


81.70 




Buff MMO pigment concentrate 


0.10 




Brown MMO pigment concentrate 


11.70 




Black MMO pigment concentrate 


3.30 




Solvent blend 65% MEK 35% MPK 


3.20 


Grain ink 2 






Ink vehicle 


76.80 




Buff MMO pigment concentrate' 


0.60 




Brown MMO pigment concentrate 


14.40 




Black MMO pigment concentrate 


5.00 




Solvent blend 65% MEK 35% MPK 


3.20 


Color coats 




Ink vehicle 


59.60 




White Ti09 pigment concentrate 


23.60 




Buff MMO Pigment Concentrate 


4.10 




Brown MMO Pigment Concentrate 


7.80 




Black MMO Pigment Concentrate 


0.60. 




Solvent blend 65% MEK 35% MPK 


4.30 


Size coat 






Toluene 


59.40 




IPOH 


19.80 




Elvacite 2010 


19.44 




Degussa TS-lOO 


0.97 




Tinuvin 234 


0.39 
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The ink vehicle was made by dissolving the Kynar 7201, Elvacite 2010, and Tinuvin 
234 in MEK and MPK, and heating to ISO'F to completely dissolve the Elvacite 2010. The 
grain inks and color coats were prepared by blending components m the above ratios adjusted 
to match the color standard. The size coat was prepared by dissolving the Elvacite 2010 in 
the toluene and IPOH at 130"? while mixing in the Degussa TS-100. 
Preparation of the W ood Grain Printed Transfer Foil 

The matte release coat was gravure coated with a lOOHK gravure cylmder pattern at 
a coat weight (dried) of 5.0 gr/m^ onto a 60 gauge oriented gloss polyester carrier sheet, 
using the processing steps illustrated in FIG. 2. The carrier comprised Skyrol SM30, sold 
by SKC America, Inc.. traveling at 200 feet per minute. The release coat was dried and 
crosslinked in a 20 foot impinging-air oven (Oven 1) at an air temperature of 340''F. The 
release coated carrier was then cooled and wound as a roil. In a preferred configuration 
(FIG. 2) the release coat and extrusion clear coat are applied in tandem. 

The release coated carrier sheet was provided as a siq)ply roll and was unwound at a 
high speed through an exttusion coating station. As the carrier sheet moved at a high rate 
of speed, compounded pellets of PVDF/aciylic enter an extrader through hopper. In the 
extruder, external heaters and mechanical energy from the rotating screw heated the 
compotmd to above its melt temperature and forced it through die slot die as a flow of the 
polymeric material at 420°F. The extiudate flows downward and contacts the release coated 
carrier sheet and a Teflon* coated cooling drum at the nip point between the rubber backiq) 
roll and the Teflon® coated coolmg drum. As the exmidate approaches the nip point, the 
high line speed accelerates the flow of the extmdate and draws it into a 0.4 mil thick film 
while, with high nip pressure of about 200 pounds per linear inch and the molten properties 
of the polymer, the film replicates the surface of the matte release coat. Cooling water at 
TO^F chills the clear coat and removes the excess heat from the process. The release coated 
PET with extruded clear coat is then removed from the surface of the Teflon* coated drum 
and wound on a rewind. 

The rewound roll is removed from the second coater and set up on the unwind station 
a thurd coater (FIG. 17). The clear coated side of the coated film was then gravure printed 
at a speed of 200 feet per minute with a series of two grain prints, two color coats, and a 
size coat. The drying oven temperatures were 250°F. The grain inks and color coats 
(formulations described above) were made by pigmenting the Kynar 7201/EIvacite 2010 clear 
vehicle above with pigment concentrates made with mixed metal oxide (MMO) pigments. 
These mixed metal oxide pigment concentrates were supplied by Gibraltar Chemical Works, 
South Holland, Illinois. 

The use of mixed metal oxide pigments in the wood grain print inks and color coats 
is desirable because of the excellent durability of mixed metal oxides and the availability of 
an infrared-reflective mixed metal black pigment which minnnizes heat buUd-up in the wood 
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1 grain decorated vinyl siding panel. However, the mixed metal oxide pigments can result in 
excessive giavurc cylinder wear when the grain ink patterns are coated with chrome finished 
gravure cylinders. To avoid this problem the etched cylinders were coated with a metal 
mtnde such as a titanium nitride ceramic coating. The cylinders are coated with a 

5 conventional vacuum metallization process. 

■Die color coats serve not only as a background color for the wood grain pattern but 
are used to block natural UV light from attacking the vinyl in the siding panels The 
combination of a clear coat over a durable mixed metal pigments system with UV blocking 
m the PVDF/acrylic foU serves to eliminate chalking, minimize fading and protect the PVC 

lU from the hannfiil effects of weathering. 

Production of F,Tnerimental Paint ed Wonrt-T.ilr^ yinvi .Siriinp 

A coextruded PVC siding construction was extruded at a temperature of about 400°F 
at a speed of 60 ft/min and a total thickness of about 44 mils. The top coextrusion layer 

15 T. r " T ^''''^ ^ ^bstrate wLh 

15 contamed regnnds. The top cap contained higher pigmentation and higher stabilizer content 
to miprove the performance of the siding material. The lower pigmentation, lower stabilizer 
higher fiUer. and regrind in the bottom layer combined to lower the cost of the siding 
material. The crossweb width was approximately 15 mches. THe vmyl sheet contained 
Pi^enis to provide the backgromid color of the vmyl siding panel. The previously produced 
wood gram prmted transfer foil was passed through the nip of an embossing station along 
with the extruded fdm. Embossing was from a 12.5 inch diameter metal embossing roller 
The embossmg station was positioned approximately five inches from the extruder die exii 
opening. The polyester carrier sheet surface was in contact with the metal embossing roller 
and the size coat was in contact with the extruded fihn. 

TheembossingroUunprintedathreeHiimensionalpatterninthetransfer-decoratedf^ 
which smiulated wood gram in the form of painted wood with random lines generally in one 
direcuon of various lengths, widths and depths spaced apart about 1 to 2 mm with an average 
peak-to-valley height of about 20 to 120 microns. There were some deeper embossed lines. 
When viewed m oblique light, the embossmg cast shadows similar to those found with 
natural painted wood viewed at the same angle. 

-^e extruded sheet was cooled to a temperature of about 308-F before stripping the 
earner fihn from the decorated vinyl sheet at a stripping station downsfream from the transfer 
and embossing station. The carrier fihn had a sufficient thickness (60 gauge or 0.60 mil) to 
allow the metal embossmg roller pattern to be transferred, while maintaining the fihn strength 
to be hot stripped from the clear coat at a temperature of SOS^F. The release-coated carrier 
sheetwaswomid for removal, and the clear-coated, wood grain decorated embossed extruded 
vmyl material proceeded to formmg dies where the siding was formed by shaping the edges 
punchmg mounting holes, and then cutting to size. 
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1 Vinyl siding produced by this process in this release coat had 75 degree gloss readings 

of 18-20 gloss units, giving the appearance of natural painted or stained wood. Surface gloss 
was measured by ASTM test D 3679-86, 5.11. 
Example 10 

5 FIG. 2 schematically illustrates the first step in a process in which the color coat is 

coextnided, along with an acrylic size coat, onto the release coat described in Example 8. 
The color coat is extruded on the release coat surface of 0.6 mil polyester film with the size 
coat contacting the Teflon*^* coated cooling roll. The color coat thickness can be 0.5 to 2.0 
mils, but in a preferred embodiment the color coat is a 1.0 n^ul thick fihn weighing 45 

10 gm/m^. The color coat is designed to block 100 percent of UV radiation. After cooling the 
foil is wound on a take-up roll. 

The color coat with size formulation as described above is next placed on the unwind 
stand of the extrader-laminator shown in FIG. 18. During the transfer embossing step,- the 
solid color transfer foil is fed to the nip of the embossing roller where the size coat on the 

15 foil is in pressure contact with the molten extruded plastic film. The embossing roll imprints 
a three dimensional pattern of impressions in the outer surface of the color coat. Embossing 
is done through the depth of the carrier film. Since embossing is carried out when the 
extruded sheet is at a temperature below, but reasonably close to its extrusion die exit 
temperature, the extrusion is sufficiently pliable to facilitate embossing deep three 

20 dimensional impressions (up to an average depth of about 120 microns) tiirough the carrier 
film and into the depth of the topcoat on the surface of the extruded sheet. The carrier film 
acts as a thermal barrier and is sufficiently thin (about 0.48-0,75 mil) to cause the metal 
embossing roller pattern to be physically transferred through the carrier film to the topcoat. 
The carrier still maintains a carrier film strength sufficient to be hot stripped from; the 

25 embossed topcoat at the stripping station downstream from the embossing station. 

The preferred plastic extruded in the extrusion laminator is a typical coextnided PVC 
substrate material used to make vinyl siding panels. A low cost substrate material has the 
following formulation: 
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PVC resin 


100.0 


Total pigment 


3.0 


Impact modifier 


5.0 


Heat stabilizer 


1.2 


Process aids 


0.5 


Calcium stearate 


1.2 


Calciimi carbonate 


10.0 




120.9 



Thismatenaldoesnotluvesufficientpigmemtionbyitselftomakesidmgpand^ but 
tiie fimshed combination is sufficient because the soUd color laminated film (described above) 
has sufficient pigmentation to block aU UV radiation and to provide required opacity Uns 
compound can be dry blended and fed into the extruder hopper as a dry powder 

nie process iUustrated in HG. 16 depicts a fiirther embodiment of the invention 
compnsmg a four layer coextiusion of a clear coat, a color coat, a size coat and a backing 
sheet and the subsequent lamination of a high gloss polyester fihn to the clear coat portion 
of flie lammate. A flat sheet extrusion Ime is equipped with four extruders. One extruder 
IS fed backing sheet material such as ABS. polycarbonate. TPO. or PETG. A second 
extruder ,s fed size coat materials such as PMMA. PEMA. or CPO. The size coat material 
s^ted to bond the PVDF/acrylic color coat to the backing sheet. A third extruder is fed 
a PVDF/acryhc color coat, and the fourth extruder is fed a PVDF/acrylic clear coat The 
melt from these extruders is fed into a feed block which controls the relative thickness of 
each componem in the final coextruded laminate stmcture. A preferred ratio is: 19 1 1 1 
The partitioned melt flows to the die where it is extruded. Tte coextruded laminate stmcnlre 
IS then fed horizontally into a set opening between the top and middle roUs of a three roU 
calendar slack where a high gloss polyester carrier is laminated to the clear coat ponion of 
tiie lammate. This laminate, along with the PET carrier is then "S" wrapped around the 
lower two rolls of the three roll stack for cooling and then traveled over idler rolls to a 
laKe-up roll. 
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Example 11 

The formulation of Example 4 was coextraded with other polymeric materials as 
illustrated in HG. 21. A coextrusion melt 280 comprising a clear coat and a primer coat is 
extrusion coated onto a 2 mil high gloss polyester sheet, such as Hostaphan 2000 from 
American Hoechst. This process used an extrusion coating station equipped with two 
extruders . One extruder is fed a clear coat material as described in Example 3 . The second 
extruder is fed a primer coat; this primer acts as a tie between sheet PVDF/acrylic clear coat 
and the color coat. The melt stream from both extruders is fed into a feed block- the 
partitioned melt then flowed to a die 282. This melt is extrusion coated onto the polyester 
sheet such that the clear coat is in contact with PET. The polymeric materials contained in 
the primer consist primarily of acryUc and/or vinyl resins. The preferred acryUc resin is 
polyethyl methacrylate (PEMA). Other minor amounts of soKds. such as UV stabilizers, 
pigments, and fillers may also be present in the prime coat formulation. The prime coat i^ 
applied to the clear coat side of the web 286, and is used to enhance the chemical bond with 
15 the color coat. 

After the prime coat is applied, the coated carrier sheet 288 passes to another extrusion 
coating operation 290 where an extrusion coated color coat is appUed from an extruder die 
292 to the prime coat side of the web. This color coat can comprise various resins, including 
PVDF. acrylic, PVC, and urethane, plus other additives and fiUers. including pigments, heat 

20 stabilizers, and light stabilizers. 

The web then passes to a laminating station 294. where a pressure sensitive transfer 
tape 296 is applied to the color coat side of the web. The laminating station includes the 
heated drum and pressure roll described previously. The transfer tape had been previously 
coated using conventional reverse roU coating techniques, and is protected by a release coated 

25 carrier sheet 298. The extmsion coaled and adhesive coated carrier film 300 is then wound 
as a take-up roll 302. 

This construction was used in an exterior automotive application where pressure 
sensitive films are typically used, and retained high gloss and DOI. 

Thus, the invention has been described m relation to its uses in the manufacmre of 
30 exterior automotive body panels and extruded plastic siding panels, although other uses are 
contemplated, such as window and door moldings, rain gutters and other outdoor structures, 
for example. 
Example 12 

Two trials were conducted in which substrates were coextraded with a size layer for 
35 laminating to exterior dry paint films. 

In one trial a one mil urethane modified polyethylene adhesive layer (MOE 2, Elf 
Atochem) was coextraded with a one mU modified polyethylene tie layer (Admere SF-700. 
Mitsui), both of which were coextraded with an 18 mU TPO backing sheet (a polypropylene 
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Dexflex. DNS Plastics International). In another trial a one mU urethane modified 
polyethylene adhesive layer (MOE 2) was coextnided with a one mU modified polyethylene 
tie layer (Admere SF-700). both of which were cotextruded with an 18 mil polypropylene 
(homopolymer) backing sheet. The three-layer coextrusions were successful in laminating 
to dry pamt films with good adhesion. The coextrusions were each laminated to- (l)aone 
mil high gloss PVDF/acrylic clear coat/0.5 mil black PVDF/acrylic color coat paint fihn 
havmg a 0.1 mil PMMA size coat; (2) a high gloss PVDF/acrylic clear coat (one mil)/color 
coat (0.5 mil red) paint fihn having a 0.1 mil PMMA size coat; and (3) a one mil 
PVDF/acrylic monocoat mid-gloss black paint fihn wifli no size coat. 

The urethane modified polyethylene adhesive layer provided good adhesion to the 
PVDF/acrylic dry pamt transfer fihns and the modified polyethylene tic coat provided good 
adhesion to the olefin backing sheets. The coextrusions were successful in that their melt 
temperatures were reasonably close to each other, withm a range of about 50''F. 
Compounding of Rpjcins 

Compounding of the resin can be a critical aspect of the extrusion process A 
preferred formulation for the starting material used in extruded fihn trials described below 
comprises a 60/40 blend of PVDF and PMMA along with a UV stabilizer comprising about 
2% of the total blend. Other formations can be used, as described below. In addition the 
extrusion techniques described herein are generally applicable to clear coat fihns extnlded 
at a fihn thickness of about 0.5 to about 2 mils, and for the trials described below, coat 
thickness was about one mil. 

A suitable extruded film, particularly for exterior automotive use, inquires mimmal 
optical defects in order to ensure reasonably high optical clarity in tiie finished clear coat 
outer fihn. Optical defects in tiie extruded fihn can be caused by dirt particles and other 
entrained contaminants from tiie extruder and/or by formation of gels in the extruded 
matenal. For instance, extruded coatings contaimng PVDF polymers are subjected to gel 
formation at high extrusion temperatures. Crosslinkmg of vmylidene fluoride polymers 
mcreases at high melt temperatiires. leading to a greater number of defects caused by gel 
formauon. One of tiie objectives of die mvention is to maintain high line speed while 
producmg exttuded fihns witii minimal defects. However, tiiere is a relationship between 
Ime speed and die number of defects for a given extruder. If extmder screw rpm must 
increase to produce higher Ime speeds, more shear and heat generation in tiie extruded 
matenal may cause gel formation and resultant optical defects. 

Variations m processing can reduce tiie formation of defects caused by gel formation 
m tiie extruded clear fihn. As mentioned, gel formation from tiie PVDF component is a 
mam contnbutor to defects, and one approach is to remove one "heat history" from tiie melt 
by a two-step melt extrusion process in which the PVDF is subjected to less heat The 
two-step process mvolves: heat history 1 - makmg pellets from die acrylic material and UV 
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Stabilizer, in the absence of PVDF, followed by heat history 2 - making the extruded film 
in which the PVDF is diy-blended with the pellets made in the first processing step. This 
avoids the one "heat history" of subjecting the PVDF to heat in producing peUets from the 
PVDF along with the acrylic and UV stabilizer. Tests have shown that films with too high 
a level of defects were made by melt blending the PVDF. acrylic and UV stabUizer together 
to make pellets because of the high shear required to properly blend the components. 

In one experimental test for making an extraded fihn, a twin-screw extruder was used. 
Twin-screw extruders can have an advantage over single-screw extruders because they can 
mix the materials at low shear, which minimizes temperature rise during compounding. This 
extrusion trial involved pellets made by removing the one "heat history" of the PVDF from 
the compounded material. The UV stabilizer Tinuvin 234 (Ciba Geigy) in powder form was 
distributed in an acrylic component comprising VS-100 (Rohm and Haas) PMMA in peUet 
form. These materials were extruded in a first pass through the extruder to form pellets 
while avoiding exposing the PVDF to one extrusion pass. A high extrusion temperanire 
15 above the gel temperamre of the PVDF (in order to properly blend the acrylic and UV 
stabilizer) can be used in the first pass because of the absence of die PVDF. In one trial this 
temperature was 460°F. An extrusion-grade PVDF (Kynar 720) was added m pellet form 
to the second extrusion pass in which an extruded clear film having low gels and defects was 
produced when extruded at 400*F. In one trial in which a one mil thick clear coat fihn was 
20 extmded onto a PET carrier, defects were observed to drop fourfold (from a 50 to 60 gel 
count to a 10 to 15 gel count) when compared with a trial involving initially maldng the 
PVDF in pellet form and extrading all three components together, followed by extruding the 
resultant material into a film. 

As an alternative to a twin-screw extruder, a single-screw extruder was designed which 
25 permitted extrusion of the film at lower shear and a lower melt temperature. The extruder 
flights were designed to increase output and reduce melt temperamres. A low-corrosion 
Chromalloy material was used for the screw extruder. The extruder comprised a 2 1/2-inch 
Black Clawson single-screw extruder at 30:1 L/D. The ejctnider flights were reduced and 
the tolerance between the extrader and the inside of the extruder barrel was increased 
30 slightly, both of which reduced the abrasion that causes shear and temperature build-up 
during extrusion. Clear films one mil in thickness were produced on a PET carrier with 
greatly reduced gels and defects. In one trial, considered the most successful to date for this 
extmder, extruder screw speed was 68 rpm, extrusion melt temperature was about 400-410''F 
at the extruder die opening, barrel temperamre of the extruder was about 370-380'F, melt 
35 pressure was about 2,800 psi, and the chill roll was operated at 75 "F. Line speed was 135 
ft/min at a web width of 51 inches. A defect count in the range of 3-15 was produced, based 
on a C-charting test method described below. It was observed generally that the extruded 
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film clears up at reduced extruder rpm. Raising the chill roll temperature to 85-F also 
appeared to miprove film clarity in one trial. 

Another approach in reducing defects in the extruded fUm is with a powder-to-fdm 
bnquettmg process. In the original process of making PVDF. the product is inpowder form 
which comes directly from the reactor when the PVDF is polymerized. In order to attain 
the objecuve of producing priUs. or briquettes, with minimal heat, the prills can be produced 
m a smgle-step process fix,m the original powder form of PVDF. PMMA and the UV 
stabilizer. A dry extruder with large compaction roUs applies pressure to the powder-form 
materials to produce compaction into prills without melting 

In one test, 86.4% powder-form PVDF. 10% pmma and 3.6% Tinuvin 234 was 
compacted mto prills. The prills were then extmded with PMMA to adjust the final blend 
rauo o the preferred 60/40 ratio, and the resulting extnosion formed a clear fihn having "w 
defect levels Hie powder-foxm materials are subjected only to pressure with mimJilt 
to compact them into the baguettes. In one trial, material was compacted at 2" 
a temperature rise of about 130'F. This process avoids subjecting the PVDF to shear and 
high temperature nonnaUy mvolved in making peUets. 

o^^f" ^^'^^""^ ^^^^'^^ '^'^ ^ith mmimal defects a 

PVDF/acryhc extruded fihn was made from a large single-screw extruder, niis extmder 
was designed to provide a short minimal distance between the extruder outlet and the die inlet 
opemng so as to minimize melt travel. A sci^n pack using 20/40/60/80/100 mesh screens 

Z TI'"""? """^'^ In one embodiment, the 

distance between the extruder ouUet through the screen pack to the die inlet opening was less 
flian about two feet. This large six-inch-diameter single-screw extruder was operated at a 
ZT "^.T"" ^"^'"^ -^-^ contact 

Iso-t ; ^'°^P*^^"*^«°^*^«^^'i^'^°^t-rial was also low. about 400-F. wellbelowthe 
450 F gel temperature of the PVDF component. Preferred operation of the extmder 
maxmium internal extmdate temperatures to below about 20«>-30»F below the 
1« ^"^f^:^^^ P^P- extruder produced a clear fihn extmded at one 

mil thickness. 51 mches in width, ontoa traveling PET carrier. Hie resulting extruded clear 
.T.r'l'^'^ defect-free. Line speed also was approximately 160-170 ft/min. 
The low defect level was attributed to the large-volume. low-shear operation of the extruder 
A smmar tnal run conducted with the 2 1/2-inch single-scre.. extruder (described previously) 
operatmg at the same line speed produced a fihn with greater defects because of highe 
ten^eramre and shear. Generally speaking, because of the reduced volmne of the 2 1/2-kch 
smgle-screw extmder, line speed would be reduced if shear and temperature are reduced to 
produce fewer defects. tcuuccu 10 
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1 The number of visual defects in a finished extruded fihn is measured to determine the 

optical quality of the fihn. This test procedure, referred to as C-charting, involves 
detennimng a standard definition for what a defect comprises, by determining the maximum 
size of gels, fisheyes or other optical defects which can be tolerated without adversely 

5 affecting acceptable fihn clarity. A second C-charting standard sets the maximum number 
of defects acceptable for a given surface area of the fmished extruded fihn. The defect count 
can be charted by plotting the number of defects in a given area at selected time intervals as 
the extruded material is being produced. The charting can reveal undesired shifts; trends, 
cycles or patterns in the extrusion process. 

10 In one test standard, the fihn is viewed on a flat surface with a predetermined light 

source, and the fihn is visually inspected for defects. Any non-uniformity (or 
non-conformity) larger m diameter than 0.8 mm is considered a defect, and the number of 
defects per eight square feet of extruded fihn are counted, although this standard area can 
vary. An acceptable fihn can be determined to comprise a film having an average defect per 

15 area count below a preset value, which in one test standard is five defects or less per eight 
square feet of surface area. This sample area is determmed as a result of conventional fihn 
extrusions 48 inches wide, with test samples taken at two feet mtervals. (In the extrusion 
trials described previously in which fihn width was 51 inches, defects were counted for 8-1/2 
square feet areas.) 

20 Example 13 

The material used for this trial comprised Kynar 720 PVDFA^S-IOO PMMA/Tmuvin 
234 UV stabUizer in a 60:40: [2 pph] blend. The process described above for making 
PVDF/acrylic pellets with minunal ejqjosure to heat was used to prepare the starting 
material. The extruder comprised an Egan sbc-inch single screw, single flight extruder. The 

25 distance between the extruder outlet and the extruder exit opening was less than about two 
feet, and a screen pack usmg 20/40/60/80/100 mesh screens was mterposed between the 
extruder outlet and the die mlet opening. An extruded clear film coating approxunately one 
mil in thickness was extruded at a web width of 51 inches onto a traveling PET carrier film. 
Initial start-up was begun utilizmg the Kynar/aciylic blend. The extrusion profile was 450'F 

30 to facUitate screw coatmg at low amps. Once the polymer flow was established, the barrel 
temperatures were reduced and the coating process was begun on a poly-coated paper 
substrate to assist in gauge semp. After gauging was sufficient, the PET substrate was 
begun. The extruder was operated at a low rpm to prepare a total of 13,000 feet of fihn. 
Several trials were conducted. In one set of trials, extruder rotation was 24 rpm in order to 

35 produce the greatest line speed of 157 ft/mm. Other trials were conducted at 19 rpm to 
produce a line speed of 126 ft/min and at 15 rpm to produce a Ime speed of 100 ft/miii. 
Melt pressure of the extruded material varied from 830 psi for the 24 rpm operation to 730 
psi for the 15 ipm operation. The chill roll temperature was maintamed at 75*F in all trials. 
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' »r^^r' "^r^ ^O- » 430-F dun,^ the «als and barrel 

zone temperamre vaned from alxm, 350- ,0 375-F. In all «ala tot were conducted 
— y zero defects were pn^uced in the extruded fite. resulting in a 
exceu™. cpj^ clarit, ^ Lntcu^,^™* 

I""""""" ^ <ta preferred 

PTOF-to-actyhc rauo .s from about 55% to aiout 65%, by weigh. PVDF and fton. aJS 

Z f~ . ™^ °' ""^ PVBF/acrylic solid polymers con.^ 

with a PVDF-to-acrylic rano of 57-61 % PVDF and 39^3 % acrylic 

•aus. opdcal defects caused by gel formation can be reduced to an essentiaUv 
e^ ^ » Which the extnided Z^l 

2^ ™ ^ °' ■^■'^^ that goes into a« extruder and 

dnrmg extn^ton to produce d« finished iUm. Such gel formadon is controlled to wi^ 

>5 »d shear do no. cause the matedal to be exposed to temper at or above tte^el 
ft^on «mp«amre of any of the polymers contained in the processed materiaT ly 
cp^g^ ^^st^ in top^ sothattempetatures within «>e processed n,a«rial s^^ 
«no mo« aan *ou, 20--30-F below the gel fotmaUon temperamre. an essenSaUy 

20 Z^Z^ clej. film can be produced. resuldng fOm is tonnopiasUc 1' 
fliermoformabfe m» h.gh gloss and DO! fihns suitable for exn^ automotive 4 

m addition to producing extmdedJUms of such high opdcal clarinr there is a need 
produce ftefihns at leasonably high line sneeds A.™»^^ • ""7 • "™ " ^ ««* "o 
J.. . '™»°™"^*«'^- As ™=«noned,increasuig extruder ipm can 
m^ ime speed, but mceased extruder xpm canproduce more shear and hea.. leLg to 

. " " "'•"'"■^ ™- of 1"' than 50 rpm 

and producmg anexouded Ohn witt, a die exi. opening temperamre of about 20--30-F beZ 
gel formalron tempetamre can produce essemially defect-free exmided dear films 

TOT-SOD psi. For tte PVDF/actylic exuuded fihns to produce exterior weatherabl. 
pmouve pam. films of accepuble optical quality, die ex»ider has been shownT^^ 

flTi;^T ' r*, ' '"^ ""^ ~» ^mper^ures of die 

film extruded from die die exi. opening u> abou. 30--5O-F below a,e gel formation 
35 temperature of 450°?. ^ lonnauon 
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1 Example 14 

The high optical clarity PVDF/acryUc extmded clear film of this invention also can 
be used as a weatherable protective outer coating for windows. In one process the clear fihn 
is extruded onto the PET carrier as described above. The PET carrier and clear fibn are 

5 then transfer-laminated to a laminate comprised of an outer adhesive coat and a metaUized 
layer on a polyester film. The extraded clear coat layer is transfer-laminated to the adhesive 
layer and the PET carrier is removed to produce a composite comprised of the clear outer 
fihn/adhesive/metallized layer/PET fihn. This composite is then laminated to a layer of glass 
with an intervening transparent adhesive layer. The clear film provides good optical clarity 

10 and weatherability for the window gloss conq)osite. 
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WHAT IS CLAIMED IS: 

1. A process for making a protective and decorative sheet material, comprisine 
extrusion coatmg a soUd polymeric material from an extrusion die onto a smooth s Jace of 
a earner sheet traveling continuously past the extruder die opening to form a first layer 
compnsmg a weatherable thermoplastic and thermoformable optically clear coat of unifoL 
^^ss^n the earner sheet; immediately cooling tbe clear coat on the traveling carrier" 

thennofonnable polymenc material in thin fihn fonn to the first layer and hardening the 
second layer to fonn a composite paint coat in which ±e first and s«:ond layers areZdtd 

IZoJT'T' ^'"^^ ^^P^^^ ^ -ri- from the 

composxte pamt coat to expose an outer surface of the protective first layer as a transparent 
protecuve outer coat for the pigmented second layer, the outer surface of the protective^ 
U^r havmg a lugh gloss and a high distinctness-of-image of exterior automotive qua^ 
transfenred to it from its previous contact with the carrier sheet. 

the firstlayer^^ "'""'^ ^"^'^^ '° "'"^ ' ^ "^"^'^ ^ °° 

coextn^ed. ^ '° "^"^ ^ ^^^^^ 

. Jv^ ^""^^^ '° ''^^^ ^ ^ e«nxsion coated 

as a sohd polymer followed by cooling to harden the second layer. 

«,nn ^r^' ^'^"^^^ *° ^ ^^=^"^8 ^PP^y^ a thennofonnable 

suppomve sheet to the pigmented coat side of the sheet material to fonn a thennofonnable 
ammate capable of retaining said high gloss and distincmess-of-image upon thennofonning 
the sheet mto a three-dimensionally contoured shape. 

6. nie process according to claim 1 in which the solid polymeric material 
compnsmg the extnision coated first layer is a blend of PVDF and acrylic resins 

nnto tJ* .^^P"*^ ^^'^^S to claim 1 in which the fi«t layer is extnision coated 
onto the earner sheet at a line speed greater than about 50 feet/minute. 

8. The process according to claim 1 in which the outer surface of the extmded 
Clear coat has a distincmess-of-image m excess of 60. 

nio^ "nie process according to claim 1 in which the clear first layer and the 

pigmented second layer comprise a blend of a PVDF copolymer and an aciylic resin 

. 10. The process according to clahn 1 including coextniding a thennofonnable 
supportive backmg sheet and a primer coat as a coextnision and thereafter bonding the 
pigmented coat side of the sheet material to the primer coat of the coextnision 

11. The process according to clahn 10 including extmdmg the clear coat at a 
temperature above 350»F followed by exposing the clear coat to contact with a chill roU 
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1 having a temperature of less than about SO^'F, to harden the clear coat within an elapsed time 

of less than about three to four seconds. 

12. The process according to claim 1 m which the clear coat comprises a blend of 

polyvinylidene difluoride and an acrylic material havmg a Tg of at least 65**C. 
5 13 . The process according to claim 12 in which the polyvinylidene difluoride/acrylic 

weight ratio is from about 50/50 to about 70/30 based on the total solids of these materials 

present in the clear coat. 

14. The process according to claim 1 in which the first layer is extrusion coated 
from an extruder in which heat generated within the extruded material is controlled to a 

10 temperature below the gel formation temperature of the polymers contained in the extruded 
material. 

15. The process accordmg to claun 14 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 ipm, producing a line speed greater than 
about 100 ft/min. 

^5 . 16- The process according to claim 15 in which the extruded material is subjected 

to an extrusion pressure below about 1,000 psi. 

17. The process according to claim 16 in which the starting material for the 
extrasion step is in pellet form, and in which the pellets are made by extrusion of the starting 
material components carried out at temperatures below the gel formation temperature of each 

20 of the components being formed into pellets. 

18. The process according to claim 14 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by extrusion of the starting 
material components carried out at temperatures below the gel formation temperature of each 
of the components being formed into pellets. 

25 19. The process according to claim 14 in which the starting material for the 

extrusion step comprises a blend of a fluoropolymer and an acrylic polymer, and in which 
the extruded material is maintained at a temperature below the gel formation temperature of 
the fluoropolymer. 

20. The process according to claim 19 in which the extrusion temperature is below 
30 about 450°F. 

21. The process according to claim 20 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm. 

22. The process according to claim 14 in which the extmded material comprises a 
thermoformable film having less than about five defects based on the C-charting standard of 

35 measurement. 

23. The process according to claim 19 in which the starting material for the 
extrasion step is in pellet form, and in which the pellets are made by first extruding the 
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acrylic coxnponent into pellet form foUowed by extruding the fluoroplymer component from 
a peUet form to the extruded clear coat film material. 

24 The process according to claim 14 in which the starting material is in briquette 
form produced by compressing the starting material polymers in dry powder form to reduce 
heat generated to below that produced by extrusion of the same starting materials. 

25. A process for making a protective and decorative sheet material, comprising 

extrusion coatmg a solid polymeric material from an extrusion die onto a smooth surface of 

a earner sheet traveling continuously past the extmder die opening to form a first layer 

compnsmg a weatheiable thermoplastic and thermoformable optically clear coat of uniform 

thickness on the carrier sheet; cooling the extrusion coated first layer to harden die first layer 

on the earner sheet; applying a pigmented second layer of a thermoplastic and 

thermofoimable polymeric material in thin fihn form to the hardened first layer to form a 

composite paint coat in which the first and second layers are bonded to each other while 

supported by the release-coated carrier sheet; laminating a thermofonnable polymeric 

^^pportive sheet to the second layer side of the composite paint coat; and separating the 

earner sheet from the composite paint coat to expose an outer surface of the first layer as a 

transparem protective outer coat for the pigmented second layer, the outer surface of the 

protective first layer having a high gloss and high distincmess-of-image of exterior 

automotive quality transferred to it from its previous contact with the carrier sheet 

26 nie process according to claim 25 in which the second layer is solvem cast on 
the first layer. 

27. The process according to claim 25 in which the second layer is extmsion coated 
as a solid polymer, followed by cooling to harden the second layer. 

28. The process according to claim 25 including applying the supportive sheet to 
the color coat side of the laminate prior to separating the carrier from the laminate 

29. The process according to claim 25 in which the solid polymeric material 
compnsmg the extrusion coated first layer is a blend of PVDF and acrylic resins 

30. The process according to claim 25 in which die first layer is extrusion coated 
onto the canier sheet at a line speed greater dian 50 feet/minute. 

31. The process accordmg to claim 25 in which the outer surface of the extruded 
clear coat has a distincmess-of-image in excess of 60. 

32. The process according to claim 25 in which die clear first layer and pigmented 
second layer comprise a blend of a PVDF copolymer and an acrylic resin. 

33. The process according to claim 25 in which die supporting sheet is coextruded 
widi a pnmer coat prior to applying die primer coat side of the coextrusion to die pigmented 
second layer side of the paint coat. 

34. The process according to claim 25 in which die first layer is extrusion coated 
from an extruder in which heat generated widiin die extruded material is comroUed to 
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temperature below the gel formation temperature of the polymers contained in the extraded 
material. 

35. The process according to claim 34 in which the extmded material is subjected 
to an extruder rotational rate of less than about 50 ipm. producing a line speed of more than 
about 100 ft/min. 

36. The process according to claim 35 in which the extraded material is subjected 
to an extrasion pressure below about 1,000 psi. 

37. The process according to claim 36 in which the starting material for the 
extrusion step is in pellet form, and in which the peUets are made by extrasion of die starting 
material components carried out at temperamres below the gel formation temperature of each 
of the components being formed mto pellets. 

38. The process according to claim 34 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by extrasion of the starting 
material components carried out at tempeiamres below the gel formation temperature of each 

15 of the components being formed into pellets. 

39. The process according to claim 34 in which the startmg material for the 
extrusion step comprises a blend of a fluoropolymer and an acrylic polymer, and in which 
the extruded material is maintained at a temperamre below the gel formation temperature of 
the fluoropolymer. 

20 40. The process according to claim 39 in which the extrusion temperature is below 

about 450"F. 

41 . The process accordmg to claim 40 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm. 

42. The process according to claun 34 in which the extruded material comprises a 
25 thermoformable fihn having less than about five defects based on the C-charting standard of 

measurement. 

43. The process according to claim 39 in which the starting material for the 
extrusion step is in pellet form, and in which die peUets are made by first extrading the 
acrylic component into pellet form followed by extrading the fluoropolymer component from 

30 a pellet form state to the extraded clear coat fihn material. 

44. A process for makmg an extraded clear coat fihn havmg an optical clarity 
sufficient for use as a weatherable exterior automotive paint fihn, the process comprising 
preparing a starting material comprising an extradable weatiierable polymeric material 
prepared from a blend of weatiierable polymers, and extrading the starting material in an 
extruder to form at the extruder die exit opening an extraded clear coat film, the extruded 
starting material being maintained at a temperamre below die gel formation temperamre of 
the weatiierable polymers contained in tiie blended starting material, said temperamre being 
maintained during preparation of die starting material and during extrasion into die clear coat 
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film, thereby minimizing optical defects in the extruded film sufficient for exterior 
automotive paint film requirements. 

45. The process according to claim 44 in which the clear coat film is extruded at 
a line speed greater than about 100 ft/min from the extruder. 

46. The process according to claim 44 in which the extruded material is subjected 
to an extrusion rotational rate bfless than about 50 rpm. 

47. The process according to claim 44 in which the extruded material is subjected 
to an extrusion pressure below about 1 ,000 psi. 

48. The process according to claim 44 in which the starting material for the 
extrusion step comprises a blend of a fluoropolymer and an acrylic polymer and in which the 
extruded material is maintained at a temperature below the gel formation temperature of the 
fluoropolymer, 

49. The process according to claim 48 in which the extruded material is maintained 
at a temperature below about 450°F. 

• process acctirding to claim 44 in which the extraded fihn comprises a 

theimoformable weatherable fihn with a defect level of less than about five defects based on 
the C-chariing standard of measurement. 

51. A process for making an extruded fihn of high optical clarity comprising 
preparing an extrudable polymeric material from a blend of weatherable polymers to form 
20 a starting material, and extruding the starting material to form a the extruder die exit opening 
and optically clear thermoformable weatherable fihn with a defect level of less than about 
five defects based on the C-charting standard of measurement, said startmg material being 
extruded at an operating temperature below the gel formation ten5)eramre of the polymeric 
materials contained in the starting material. 
25 52. The process according to claim 51 mcluding applying the extruded clear fihn 

to a layer of exterior automotive paint to form an exterior automotive decorative film sheet. 

53. The process according to claim 51 including applying the extruded clear film 
to a layer of window glass. 

30 
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